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“Notice to all Active Members 
of Member Associations 


Your prompt payment of 1954 dues 
will avoid interruption in receipt of 


SEWAGE AND INDUSTRIAL WASTES 


as well as other Federation services. 


Undue delay may make it impossible for 
a complete volume of the JOURNAL to 
be furnished. 


Please remit directly to your Mem- _ 
ber Association Secretary immediately 


upon receipt of the first dues notice 


from him. 
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SEWAGE AND INDUSTRIAL WASTES 


Exclusively through the 
Catalytic Reduction Process™ 


The Catalytic Reduction Process completes biological sludge 

CATALYTIC digestion in one-third to one-fourth of digester volume gen- 
REDUCTION erally required. The Process accomplishes this by digesting 
PROCESS at solids loading rates three to four times those being prac- 
ticed. This accelerated digestion is simple and economical, 
using only the natural products of anaerobic decomposition. 


Originating in 1946, the Process was developed, tested and 
verified over six years on both laboratory and pilot plant 
scale. The results obtained in the pilot plant operation have 
been proven in full scale plant operation at the Columbus, 
Ohio Sewage Treatment Works in 1952 and 1953. 


The Catalytie Reduction Process applied to one 70’ tank at 
the Columbus Plant digested 3.38 times the quantity of sludge 
solids digested in a similar tank in parallel operation not using 
the Process. The tank operated under the Process produced 
‘a reduction of solids within established ranges, normal gas 
production and readily driable odorless sludge. 


The Catalytic Reduction Process is now available for consid- 
eration by consulting engineers for application on plants under 
design and for plants requiring expansion. The Process when 
applied to overloaded digesters will provide sufficient capacity 
without additional tanks. 


*The only proven Process for accelerating biological 
digestion. (Patents applied for.) 


ee CHICAGO PUMP COMPANY 
The Catalytic Reduction Process is offered through 


SEWAGE EQUIPMENT DIVISION 
the Catalytic Reduction Company, 


622 DIVERSEY PARKWAY CHICAGO 14, ILLINOIS 

a subsidiary of the Chicago Pump Company. OAT 
Morisontal and Vertical! Non Clogs Mechanics! Combumation 

Were: Seal Pumping Unite Samplers Aerator Clarihiers, Commineters. 
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SEWAGE AND INDUSTRIAL WASTES 


REG. U. S. PAT. OFF. 


A monthly Journal devoted to the advancement of fundamental and practical knowledge concerning the nature, 


collection, treatment and disposal of sewage and industrial wastes, and the design, construction, operation and manage- 
ment of such works. 


PUBLICATION OFFICE 
Prince and Lemon Sts., Lancaster, Pa. 


EDITORIAL AND EXECUTIVE OFFICES 


325 Illinois Bldg., Champaign, Ill. Send all manuscripts, advertising copy, subscriptions, address changes, etc. 
to this address. 


SUBSCRIPTION RATES 
Members of local sewage works associations affiliated with the Federation, $5.00 per year. 


Non-members: U. S. and Canada, $7.50 per year; other countries, $9.00. (Foreign subscriptions must be accom- 
panied by International Money Order.) 


Single copies: United States $1.00 each; Foreign, $1.25 each. 


CLAIMS 
No claims will be allowed for copies of Journals lost in the mails unless such claims are received within sixty 
(60) days of the date of issue and no claims will be allowed for issues lost as a result of insufficient notice of change 
of address. ‘Missing from files’ cannot be accepted as the reason for honoring a claim. 


MAILING PERMIT 
Entered as second-class matter, May 7, 1934, at the post office at Lancaster, Pa., under the Act of March 3, 1879. 
Accepted for mailing at the special rate of postage provided for in the Act cf February 28, 1925, embodied in para- 
graph (d-2), Section 34.40, P. L. & R. of 1948, authorized October 4, 1945. 


REFERENCE SERVICE 
Sewage and Industrial Wastes is indexed regularly by /Jmdustrial Arts Index and Engineering Index. 


Microfilm copies of this Journal may be procured from University Microfilms, Ann Arbor, Mich. This service is 
limited to regular subscribers only. 
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SEWAGE AND INDUSTRIAL WASTES 


SAMPLE 


new 
precision pump 
for sampling sewage 
and industrial wastes 


This unique pump has been de- 
signed for taking sewage and indus- 
trial waste samples... for controlling 
present treatment processes or for 
making engineering studies of future 
needs. The material being pumped 
comes in contact with nothing but 
the flexible tubes through which it 
passes. The precision pumping action 
is unaffected by small particles of 
foreign matter such as sand, strings, 
or other contaminants. Capacity per 
tube 3.75 gal. per hr. Write today 
for Bulletin 67-H1B. Omega Machine 
Company (Division of B-I-F Indus- 
tries), 368 Harris Ave., Providence 1, 
Rhode Island. 


( FEATURES | 


ADJUSTABLE 
from zero to maximum while operating 
NON-CLOGGING 

will pump slurries or gritty material 

CORROSION-RESISTANT 
rubber or synthetic pump tubes resist 
nearly all reagents 

RENEWABLE PUMP ELEMENT 

replacing the pump tubes also re- 
places the valves 

DOUBLE PUMP HEAD 
for collecting two samples simul- 
taneously 

POSITIVE DISPLACEMENT 
for discharge pressures to 10 psi, 


ond 5 ft. suction lift 


ORA E CG 2. 
The Last Word in Feeders L_emece 
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SEWAGE 


Alabama Water and Sewage Asen.* 
Avex O. Taytor, Secretary 
Box 69 
Alabama Polytechnic Institute 
Auburn, Alabama 


Arizona Sewage and Water Works Assn.* 
M. V. Exuis, Sec.-Treas. 
46 Encanto Blvd. 
Phoenix, Ariz. 


Arkansas Water and Sewage Conf.* 
Dr. Harrison Hate, Sec.-Treas. 
c/o Southern State College 
Magnolia, Ark. 
California Sewage and Wastes Assn. 
am A. WEED, Sec.-Tre 
Room 315, City Hall, “Oakland 18, Calif. 


Canadian Institute on Sewage and Sanitation 
Dr. Berry, Sec.-Treas. 
Ontario Dept. of Health 
Parliament Bldgs. 
Toronto 8, Ontario, Canada 


Central States Sewage and Industrial Wastes 
ssn. 
A. Paut TroemPer, Sec.-Treas. 
2029 Bates Avenue 
Springfield, Ill. 


Dakota Water and Sewage Works Conf. 


North Dakota Section* 
Jerome H. Svore, Sec.-Trees. 
c/o State Dept. of Health 
Bismarck, N. Dak. 


South Dakota Section® 
Cuaries E. Cart, Sec.-Treas. 
c/o Div. of Sanitary Engineering 
State Board of Health, Pierre, S. Dak. 


Federal Sewage Research Assn. 
Dr. A. F. Bartscu, Acting Sec.-Treas. 
Rm. 4218, Health, Education & Welfare Bldg., So., 
Washington 25, D. C. 


Florida Sewage and Industrial Wastes Assn. 
ONALD P. SCHIESSWOHL, Sec.-Treas. 
P. O. Box 210 
Jacksonville 1, Fla. 


Georgia Water and Sewage Assn.* 
A. T. Storey, Sec.-Treas. 
1210 Hemphill Ave., N.W. 
Atlanta, Ga. 


(Germany) Abwassertechnische Vereinigung 
Witwetm Buckstesc, Sec.-Treas. 
Schliessfach 1112 
Ruhrverband, Essen, Germany 


Institute of Sewage Purification 
Mastin Lovett, FSIWA Contact Member 
206 Bradford Rd. 
Wakefield, Yorks, England 


Institution of Sanitary Engineers 
Ernest Batsom, Secretary 
118 Victoria St. 
Westminster, S. W. 1, London, England 


lowa Sewage Works Assn. 
. F, Sxorczesxt, Sec.-Treas. 
207 South 15th Ave. 
Marshalltown, 


Kansas Sewage and Industrial Wastes Assn. 
Dwicut F. Metzrer, Sec.-Treas. 
c/o State Board of Health 
Marvin Hall, Room 2 
University of Kansas, Lawrence, Kans. 


Kentucky-Tennessee Industrial Wastes and 
Sewage Works Assn. 
. Paut Sec.-Treas. 
420 Sixth Ave., N., Nashville 3, Tenn. 


Loulsiana Conference on Water Supply and 
Sewerage * 
Grorce L. West, Sec.-Treas. 
P. O. Box 15, Water Dept., Lake Charles, La. 


* Sewage Works Section. 


AND INDUSTRIAL WASTES 


FSIWA MEMBER ASSOCIATIONS 


Maryland-Delaware Water and Sewerage Assn.* 
W. M. Brnctey, Sec.-Treas. 
2411 N. Charles St., Baltimore 18, Md. 
Michigan Sewage and Industrial Wastes Assen. 
D. M. Pierce, Sec.-Treas. 
Michigan Dept. of Health 
Room 334, Admin. Bldg., Lansing 4, Michigan 
Missour! Water and Sewerage Conf.* 
Warren Kramer, Sec.-Treas. 
c/o State Office Bldg., Sixth Floor 
Jefferson City, Mo. 
Montana Sewage and Industrial Wastes Assn. 
Harvey W. Taytor, Sec.-Treas. 
Morrison & Maierle Inc. 
Helena, Montana 


Nebraska Sewage and Industrial Wastes Assn. 
Paut W. Mouset, Secretary-Treasurer 
602 West B Street, McCook, Nebr. 
_— England Sewage and Industrial Wastes 
ssn. 
StepHEN M. Hur ey, Jr., Sec.-Treas 
c/o State Dept. of Health 
331 State Office Bldg., Providence, R. 1 
~— Jersey Sewage and Industrial Wastes 
ssn. 
S. Kacworsky, Sec.-Treas. 
P. O. Box 766, Manville, N. J. 
New York Sewage and Industrial Wastes Assn. 
C. Sweeney, Secretary 
c/o State Dept. of Health 
21 N. Broadway, White Plains, N. Y. 
— Carolina Sewage and Industrial Waste 
E. C. Husparp, Sec.-Treas 
State Board of Health, Raleigh, 
Ohio Sewage and Industrial Wastes Treat- 
ment Conf. 
Warp E. Conran, Sec.-Treas. 
301 Ohio Depts. Bldg., Columbus 15, Ohio 
Oklahoma Water, Sewage and Industrial Wastes 
Conf. 
H. 7. Darcey, Sec.-Tre 
State Dept. of Health, Oklahoma City 5, Okla. 
Pacific Northwest Sewage and _ Industrial 
Wastes Assn. 
WALTER W. Saxton, Sec.-Treas. 
408 Old Capitol Bldg. 
Olympia, Wash. 
Pennsylvania Sewage and Industrial Wastes 
Assn. 
B. S. Busu, Sec.-Treas. 
c/o Pennsylvania Dept. of Health 
Kirby Health Center, Wilkes-Barre, Pa. 
Puerto Rico Water and Sewage Works Assn. 
Ropert J. Autp, Sec.-Treas. 
c/o Puerto Rico Aqueduct and Sewer Service 
Box 2832, San Juan 12, Puerto Rico 
Rocky Mountain Sewage Works Assn. 
C. E. Harness, Sec.-Treas. 
272 City and County Bldg., Denver, Colorado 
South Carolina Water and Sewage Works 
Assn.* 
W. T. Linton, Sec.-Treas 
Wade Hampton Bidg., Columbia, 
(Sweden) Fireningen Fir Vattenhygien 
Erik Jonsson, Secretary 
Box 5038, Stockholm 5, Sweden 


(Switzerland) Verband Schweizerischer Abwas- 
serfachieute 
Epvuarp Hotincer, Treasurer 
Spitzackerstrasse 17, Liestal, Switzerland 
Texas bg and Sewage Works Asen.* 
Euvers, Sec.-Treas. 
501 W. 33rd St., Austin, Tex. 
Virginia Industrial Wastes and Sewage Works 
Assn. 
L. Hamrick, Jr., Sec.-Treas. 
415 W. Franklin St., Richmond 20, Va. 


West Virginia Sewage and Industrial Wastes 


Guen O. Fortney, Sec.-Treas. 
State Dept. of Health, Charleston, W. Va. 
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SEWAGE AND INDUSTRIAL WASTES 


BOARD OF PUBLIC AFFAIRS 
MILLERSBURG, OHIO 


June 24, 1953 


- Simplex Valve & Meter Co. 
Philadelphia 42, Pa. 


Gentlemen: 


We a Simplex Venturi mé 
ngeEr from the City of Wooster, Ohio. This 
meter was sold to City of Wooster on May 4, 1912. 


We plan to install this meter on our main line 
ateMillersburg, Ohio Water Plant. Will you 
please™wend wpe descriptive information 
list for this meter. 


Markings on identification plate are as follows: 
8" Tube 4" Throat #8-43-548-G.D. MSD 38.187 
May 4, 1912 Markings on Cover Plate #546 


Address reply to: C. R. Deitrich, Supt. of W.W. 


Respectfully, 


C7 


C. R. Deitrich 


Simplex Meter and 
Venturi Tube recently 
installed after service 
of over 40 years! 


For details, write: Simplex Valve & Meter Company, 
6719 Upland Street, Philadelphia 42, Penna. 


VALVE AND METER COMPANY 
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SEWAGE AND INDUSTRIAL WASTES 


MEMBER ASSOCIATION MEETINGS 


Association 


New York Sewage and Industrial 


Wastes Assn. 


New Jersey Sewage and 
Industrial Wastes Assn. 


Arkansas Water and Sewage 
Conference 


Kansas Sewage Works Assn. 


Arizona Sewage and Water 
Works Assn. 


Montana Sewage and Industrial 
Wastes Assn. 


Maryland-Delaware Water and 
Sewage Assn. 


California Sewage and 
Industrial Assn. 


Central States Sewage and 
Industrial Wastes Assn. 


Pennsylvania Sewage and 
Industrial Wastes Assn. 


Kentucky-Tennessee Industrial 


Wastes and Sewage Works Assn. 


Place 


3elmont Plaza, 


New York City, N. Y. 


The Traymore Hotel, 
Atlantie City, N. J. 


Hotel Marion, 
Little Roek, Ark. 


Broadview Hotel, 
Emporia, Kan. 


Santa Rita Hotel, 
Tuscon, Ariz. 


Hotel Baxter, 
Bozeman, Mont. 


Hotel Francis Scott 
Key, 
Frederick, Md. 


Hotel Senator, 
Sacramento, Calif. 


Hotel Leland, 
Richmond, Ind. 


The Pennsylvania 
State College, 
State College, Pa. 


Andrew Jackson 
Hotel, 
Nashville, Tenn. 


Time 


21-22, 1954 


March 10-12, 1954 


March 22-24, 1954 


April 7-9, 1954 


April 22-24, 1954 


April 2% 


April 


May 5 


25-27, 1954 


20-22, 1954 


TWENTY-SEVENTH ANNUAL MEETING 
Federation of Sewage and Industrial Wastes Associations 
in conjunction with 


Ohio Sewage and Industrial Wastes Treatment Conference 
Netherland Plaza Hotel, Cincinnati, Ohio 


October 11-14, 1954 


Nebraska Sewage and [ndustrial 
Wastes Assn. 


Keystone Hotel, 
MeCook, Nebraska 
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from the YEOMANS GUARD 


Overall Removal of 

91.7 Per Cent at Hope, Ark. 
Treatment Plant... Full 
Report Available 


Have you on file the Hurwitz report?—a 
complete performance report on the Sewage 
Treatment Plant at Hope, Arkansas, by E. 
Hurwitz, Chief Chemist of the Sanitary District, 
Chicago. 

The Hope plant is a single-stage Aero-Filter 
plant in which both primary and final settling 
is accomplished by Apiraflo clarifiers. It is 
designed for a population of 5,000 and an ulti- 
mate 10,000. 

Average removal of suspended solids by pri- 
mary clarifier was 70 per cent and B.O.D. 
removal 47.7 percent. Over-all removal effected 
by the plant was 91.7 per cent. 

The Hurwitz Report, complete with tabu- 
lated data, is yours for the asking. 


(] Please send the Hurwitz Report. 


easy 

e to select 

e to install 
e to pay for 
this NEW 


PACKAGE SEWAGE LIFT 
STATION 


A practical answer to an urgent and growing 
need for a low-priced, easily installed ‘‘package”’ 
dry pit sewage lift station for small residential 
units: our new ‘Package’ Sewage Ejector 
Series 6280, 


No Selection Problem—A simple matter to 
choose the right model by population to be 
served and the discharge head. 


No Installation Problem—It's a “‘package’’— 
complete, ready to place in the pit and connect. 


No Payment Problem—simple in design, 
standardized, this compact unit is low priced, 
easy to pay for. 


See Bulletin 6251, page 8. 


(_] Please send Bulletin 6251. 


Difficult Industrial 
Wastes Successfully Treated 
in Yeomans Plants 


A number of industrial wastes, including some 
described as “difficult,” are being treated in 
Yeomans plants—with results described in some 
instances as “miraculous.” 


Efficient treatment is the main objective, of 
course; but the extraordinarily low cost of Yeo- 
mans plants—as to both construction and opera- 
tion—is a factor that is pleasant to consider. 


If you have a knotty problem of industrial 
waste treatment, it makes much sense at abso- 
lutely no cost to find out how we may be able 
to help solve it. Just write a letter. 


The Yeomans Guard, published several times a year, 
is a compendium of news and useful information 
covering the pumping of materials and the treat- 
ment of wastes, both domestic and industrial. We 
shall be pleased to send you the current issue if 
you'd care to have it. Ask your local Yeomans 
Representative—listed in the telephone book yellow 
pages under ‘‘Pumps'’—or write direct. 


YEOMANS BroTHERS COMPANY 


1999-7 N. RUBY STREET, MELROSE PARK, ILLINOIS 


Manufacturers of: Centrifugal Pumps and Pneumatic Ejectors for Buildings, Municipalities, and 
Industrial Applications, and a Full Line of Waste Treatment Equipment. quam 
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SEWAGE AND INDUSTRIAL WASTES 


his water control prob- 
lems might have been easier. There’s 
where you have the advantage over poor 
Noah, PEKRUL Water Control Equipment 
and PEKRUL engineers stand ready to 
solve your most difficult requirements. 


Manufacturers of Pekrul Gates 
for 


FLOOD CONTROL 
LEVEES 
IRRIGATION 
WATER WORKS 
DAMS 

SEWAGE DISPOSAL 
RESERVOIRS 
PUMPING PLANTS 
OIL REFINERIES 
FISH HATCHERIES 
REARING PONDS 
RECREATION POOLS 
COOLING TOWERS 
STEEL MILLS 


MORSE 


: 
if 04 had known about... 
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dependable 
process 


fit your 


needs 


GENERAL AMERICAN TRANSPORTATION CORPORATION 


Sales Office: 380 Madison Ave., New York 17, New York 
General Offices: 135 South La Salle Street, Chicago 90, Illinois 
In Canada: Canadian Locomotive Company, Ltd., Kingston, Ontario 
OFFICES IN ALL PRINCIPAL CITIES 
Other General American Equipment: Turbo-Mixers * Evaporators ¢ Dewaterers 
Towers Tanks Dryers Pressure Vessels 
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call fon sewers: 


From giant trunk line installations to 
small diameter sanitary sewers, con- 
crete pipe is the choice of leading san- 
itary engineers when specifying pipe 
for sewers. There are four sound en- 
gineering reasons for this preference: 


1. AMPLE STRENGTH. Concrete pipe re- 
sists severe impact, sustains heavy 
overburdens and withstands the 
wearing action of rugged climatic or 
unfavorable soil conditions. 


2. OUTSTANDING DURABILITY. When you 
specify concrete pipe you assure long 
years of trouble-free operation. Many 
cities have had more than a century of 
service from concrete pipe sewers. 


3. MAXIMUM HYDRAULIC CAPACITY. The 
smooth interior walls and clean, even 
joints of concrete pipe resist abrasion 
from suspended matter and provide 
maximum Carrying Capacity. 


4. UTMOST SAFETY. Concrete pipe’s 
uniformly dense structure and tight 
joints assure minimum leakage and 
infiltration. This reduces contamina- 
tion in the line and overloading of 
treatment plants. 


Engineers and taxpayers appreciate 
the economy of concrete pipe sewers. 
Their moderate first cost + their low 


maintenance cost + their long life 
= low-annual-cost sewer line service. 


PORTLAND CEMENT ASSOCIATION 


33 W. Grand Avenue 
Chicago 10, Illinois 


A national organization to improve and extend the uses of portland cement 
and concrete through scientific research and engineering field work 
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INFILCO 
EQUIPMENT 
AT WORK 


VORTEX 
GREASE 


Here’s how ores 
EMOVER R 
WASHINGTON, IND. Rs RECIRCULATION FLOW 
° Like many other small-but-growing 
V communities, Washington, Indiana, 


required sewage treatment facilities 
able to do a complete job at low cost. 


Sewage pr oblems o- Working with J. B. Wilson, 


Consulting Engineer, Indianapolis, 
they achieved this effective, 
economical operation. The Vortex 
Grease and Grit Remover and 
PD Clarifier effect a 72% BOD 
reduction. Low-cost secondary 
treatment is accomplished 
through direct recirculation 
around Accelo® Filters. 


AVERAGE OPERATING DATA FOR 1952: 
Raw Primary  Plont 
Sewage Effivent Effluent 
129 36 21 
114 29 21 


Infilco equipment and processes 
can solve your sewage problems... 
Send this coupon for more information 


Anclysis 


5-Day BOD 
Suspended Solids 


IN | 
| INFILCO INC., P.O. Box 5033, Tucson, Arizona 
Please send me a copy of Infilco Bulletin 6200-S 


NAME. 


TITLE 


INFILCO INC. Tucson, Arizona COMPANY 


ADDRESS. 


Plants in Chicago and Joliet, Illinois 
FIELD OFFICES IN 28 PRINCIPAL CITIES 


city. STATE 


x 
: 
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1952 AVERAGE FLOW 940,000 GPD 
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SEWAGE AND INDUSTRIAL WASTES 


Select from this list of five different types 
and you will get the best type for your 
particular problem whether ifis trash, 
garbage, sewage sludge, institutional 
organic matter . . . separately OF in 
combination. 
For Garbage and Rubbish 

(1) Cell and Hearth s3 

(2) Circular Hearth and Giates _ 

Mechanically Stoked wy 


@ For Sewage Sludge Drying and/ or: 
Burning 
(3) Multiple Zone 
ically Stoked 


®@ For Garbage, Rubbish and Sewage 
Sludge 
(4) Circular Unit, Mechanically 
Stoked, with Separate Compart- 
ment for Sewage Sludge Reduc- 
tion 


® For Garbage and Trash (Individual 
Buildings) 

(5) Kernerators (Flue-Fed and 

Ready-Built) 


Our incinerator experience goes back 
nearly sixty years. Our work is guar- 
anteed. Our incinerators are constructed 
under the supervision of our own field 
men who stay with it until the unit is 
in operation, fully broken in and crews 
instructed. 


MORSE BOULGER DESTRUCTOR CO. 


205-S East 42nd St. New York 17, N. Y. 


Representatives in Principal Cities 
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Engineer Bogert Childs specifies 


NERTOL PAINTS 


for Overpeck Valley Sewage Project 


Structural steel got 
coatings of Inertol 
Black Bituminous 
Paints. Sparkling 
and long-wearing 
Inertol colored en- 
amels were specified 
for floors, walls, ceil- 
ings, machinery and 
railings. They retain 
their beautiful high 
gloss ... are mar- 
resistant! 


A-1 protection for 
submerged concrete 
and metal surfaces 
was achieved by us- 
ing Inertol Standard 
and Standard Thick. 
Both coatings help 
accelerate flow of 
sewage ... clean 
easily, too! 


— REASON: They’re made especially for sewage plant use! 


Plenty of thought and research went into 
the paint choice of Bogert Childs Engineer- 
ing Associates of New York City in selecting 
protective coatings for the Overpeck Sewage 
Project (Bergen County Sewer Authority, 
Overpeck Valley Joint Sewer Commission, 
Little Ferry, N. J.). They demanded coat- 
ings that would assure a maximum of inert- 
ness, elasticity, hardness and water-resistance. 
They found that Inertol Paints more than 
meet those strict requirements. 

The famous long-lasting quality of Inertol 


INERTOL 


482 Frelinghuysen Avenue 
Newark 5, New Jersey 


Paints — plus long-run economy — has been 
proved by use in thousands of installations 
from coast to coast. And Inertol coatings 
will prove themselves for you, too. Get the 
full story on Inertol’s many durable attrac- 
tive coatings by asking to have an Inertol 
Field Technician call on you. There’s lots of 
good information in our free pamphlet 
“Painting Guide,” too. If you’re a Specifica- 
tion Writer, Design Engineer, Contractor or 
Plant Superintendent, you'll want a copy 
right away —so write today! It’s free! 


co., INC. 


27H South Park 
San Francisco 7, California 
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Among the many “Basic Chemicals for American Industry” 
which General Chemical produces, the following are widely 
used by the Water Industry. For your requirements, write or 
phone the nearest General Chemical office listed below. 


COAGULATION BOILER WATER 


Aluminum Sulfate, Standard Sodium Sulfate, Anhy. 
Aluminum Sulfate, Liquid Disodium Phosphate, Anhy. 
Ammonium Alum Trisodium Phosphate 
Potassium (Potash) Alum Sodium Silicate 

Sodium Silicate Sulfuric Acid 


FLUORIDATION CORROSION CONTROL 
Sodium Silicate 
Tetrasodium Pyrophosphote 


For Laboratory Analyses: 
Baker & Adamson 
Laboratory Reagents 


Sodium Fluoride 
Sodium Silicofluoride 
For Other Uses: 
DECHLORINATION Glouber's Salt, Crystal 
Sodium Sulfite Aquo Ammonia 


Sodium Bisulfite, Anhy. Hydrochloric Acid (Muriatic) 
Sodium Thiosulfate Copper Suifate 


GENERAL CHEMICAL DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 RECTOR STREET, NEW YORK 6, N. Y. 
Offices: Albany * Atlanta * Baltimore * Birmingham * Boston * Bridgeport * Buffalo * Charlotte * Chicago 
Cleveland* Denver* Detroit* Greenville (Miss.)* Houston® Jacksonville * Kalamazoo* Los Angeles* Minneapolis 
New York * Philadelphia * Pitt gh * Providence * San Francisco * Seattle * St. Louis * Yakima (Wash) 
In Wisconsin: General Chemical Company, Inc., Milwaukee 
In Canada: The Nichols Chemical Company, Limited * Montreal * Toronto * Vancouver 
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You'll have less 
infiltration... 


conserve plant 
capacity... 


Total infiltration in an all- 
Transite sewer system (over 
5 miles of pipe) was so little 
the trickle had to be meas- 
ured through a 3-in. pipe in- 
serted in the Parshall flume! 


—Because of this tight joint used 
with Transite’ Sewer Pipe 


THE reduction of ground water infiltra- 
tion brought about by the Transite 
Joint—now standard on all sizes of 
Transite Sewer Pipe—can lead to a 
number of cost-saving results. 


For example, on one recently installed 
Transite System using 28,540 feet of 
Transite Sewer Pipe, in diameters of 6 
through 18 inches, the infiltration per 
inch of diameter, per hour, per mile of 
pipe came to a mere 0.85 gal. This low 
infiltration (including that from man- 
holes and connections to house sewers) 
was achieved despite the fact that a con- 
siderable portion of this installation was 
below the prevailing ground water table. 
(For specification purposes, an infiltra- 
tion allowance of 10 gallons per inch of 
diameter, per hour, per mile of pipe may 
be used with Transite Sewer Pipe.) 


Obviously, such minimum ground 
water infiltration helps reduce the load 


On treatment plants, cuts down on treat- 
ment costs, and conserves plant capacity 
for future expansion needs. This reduced 
infiltration plus Transite’s high flow ca- 
pacity (Manning’s N=.010) often permits 
the use of smaller diameter pipe for new 
installations. 

For further information on how this 
Transite Joint, used with corrosion re- 
sistant asbestos-cement Transite Pipe can 
help reduce your sewage costs, write 
Johns-Manville, Box 60, New York 16, 
N. Y. Ask for folder TR-103-A. 


TIGHT ALL THE WAY... Johns-Manville 
Transite Building Sewer Pipe assures a 
tight sewer system throughout. Many 
municipal officials are insisting that house 
and building connections to their sewage 
lines be made with Johns-Manville Build- 
ing Sewer Pipe to assure tightness 
throughout their systems. This pipe also 
has a rubber ring sealed joint. 


Transite is a registered Johns-Manville trade mark 
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In the East Bay Municipal Utility District plant 
at Oakland, California . . . 


The P.F.T. Waste Gas Burner 
consists of a baffled burner pot 
mounted on top of an insulated 
pedestal. Burner pots are pro- 
vided with adequate baffled air 
inlets to permit continuous oper- 
ation of a gas pilot and provide 
for intermittent combustion of 
excess gas through a wide range 
of flows. The insulated pedestal 
minimizes formation of conden- 
sate and prevents freezing. 


excess gas 


is safely burned with 
P.F.T. WASTE GAS BURNERS 


At this plant serving communities in the 
Bay area, three 95 ft. diameter digesters 
produce more gas than is needed for di- 
gester heating. To avoid resulting odor 
nuisance, East Bay’s engineers have had 
three P.F.T. 6” Waste Gas Burners in- 
stalled for safe, convenient elimination of 
excess gas. 


For control and protection, each burner is 
equipped with a P.F.T. 4” Pressure Relief 
Waste Gas Flame Trap, completely elimin- 
ating explosion hazards. 


In addition to this gas safety equipment, 
the following P.F.T. products are installed 
in the plant: 3 Floating Covers for the 95’ 
digesters; 3 Heater and Heat Exchanger 
Units (1,200,000 B.T.U./ hr.); 3 Cover Posi- 
tion Indicators; miscellaneous gas control 
equipment. 


Complete information and diagram of 
P F.T. Gas Safety Equipment upon re- 
quest— Bulletin 321. 


Design / Engineers of East Bay 
of plant by / Municipal Utility District 


PACIFIC FLUSH TANK CO. 
Waste “Jreatment Equipment Exclusively Since (893 


4241 RAVENSWOOD AVE. 


CHICAGO 13, ILLINOIS 


NEW YORK @ LOS ANGELES @ SAN FRANCISCO @ CHARLOTTE, N. C @ JACKSONVILLE @ DENVER 
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Two major forward steps were taken last 
spring in Pennsylvania’s Clean Streams 
Program. These new Dorr-equipped 
SHY treatment plants at Bethlehem and 
aston went into operation to play an 
* important part in abating pollution of 
whe < the Lehigh and Delaware Rivers. Bio- 
filtration and Multdigestion were se- 
>. =~ lected as the most efficient combination 
—" <3 at both plants. If you don’t already have 
Bulletin No. 6041, Dorr Equipment and 
Methods for Modern Sewage Treat- 
Cay ment, write for a free copy today. The 
_ Dorr Company, Stamford, Conn. 


Bethlehem, Pa. 
Design capacity is 12.5 MGD 
using the single- stage Biofiltra- 
tion fi heet. Dorr t in- 
cludes two 18’ sq. Detritors, four 
135’ dia. S-7 Clarifiers, four 120’ 
Distributors ond two 65’ dia. 
Multdigestion Systems. 

Consulting Engineers: Morris 
Knowles, Inc., Pittsburgh, Pa. 


Easton, Pa. 
Design capacity is 5.0 MGD ond 
either single or two-stage Biofil- 
tration can be used. Dorr equip- 
ment includes one 18’ sq. Detritor, 
four 100’ dia. S-7 Clarifiers, two 
160’ Distributors and a 65’ dia. 
Multdigestion System. 

Co-Consultants: Glace & Glace, 
Harrisburg, Pa. and Whitman, 
Requordt & Associates, Balti- 
more, Md. 


Detritor and Multdigestion are trade-marks of the Dorr Company-Reg. U. S. Pat. Off. 


mect Tomorrows demand 


WORLD - WIDE RESEARCH ENGINEERING + EQUIPMENT 
THE DORR company ° ENGINEERS ° STAMFORD, 
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Sewage Works 


USE OF THE HEAT PUMP FOR DIGESTER HEATING 


By GeorGe 8. SmirH anp James A. Morris, Jr. 


Respectively, Professor in Electrical Engineering, University of Washington, Seattle, Wash.; 
and Junior Engineer, Bell Laboratories, Murray Hill, N. J. 


Imhoff and Fair (1) have explained 
the effect of temperature on sewage 
sludge digestion, showing (Figure 1) 
that digestive activity increases with 
increasing temperatures up to about 
130° F. The upper operating zone is 
seldom used, however, because of the 
intense odors and other operating diffi- 
culties involved. The optimum tem- 
perature of 95° to 100° F. appears to 
be the most desirable and is most used. 


Methods of Heating 


Digesters usually are heated by 
means of boilers using gas, oil, or 
some other fuel. The heat is trans- 
ferred to the digester either by means 
of hot-water or steam coils in the 
sludge, or by circulating the sludge 
from the digester through a heat ex- 
changer and back. The latter method 
has the advantage of providing a part 
or all of the agitation necessary, and 
avoids crusty deposits which sometimes 
form on the coils in the digester. 

In localities where the cost of elec- 
trical energy is less than $0.01 per 
kilowatt hour, the heat pump may 
prove to be a more economical means 
of digester heating than by oil. In 
plants where a considerable amount of 
gas is generated, all the gas could be 
used in a gas-electric generator set to 
produce electrical energy, and the ma- 
jor portion of digester heat salvaged 
from the exhaust gas and engine cool- 
ing. The heat pump will provide a 
desirable means of salvaging such heat 
and absorbing any additional heat 


necessary from the incoming sewage. 
This combination would be especially 
desirable where electrical energy is ex- 
pensive. 


Theory and Advantages of the 
Heat Pump 


‘‘Heat pump” is a name usually 
used to designate a set of refrigerating 
equipment when utilized for heating 
purposes. Heat is absorbed from a 
heat source too low in temperature 
for heating purposes into a refrigerant 
at a still lower temperature. The re- 
frigerant with its absorbed heat is then 
compressed into a much smaller vol- 
ume at a higher pressure, resulting in 
a high-temperature gas or liquid con- 
taining the same quantity of heat, 
provided that none was added or lost 
in the process. 

The advantage to be gained when 
using this method of heating is best 
expressed by the ratio of the heat de- 
livered for useful purposes to the 
heat equivalent of the electrical or me- 
chanical energy used in the process. 
This ratio is called the ‘‘coefficient of 
performance,’’ hereafter abbreviated 
as C.O.P. All of the electrical or me- 
chanical energy used is converted into 
heat, the major portion of which is 
added to the refrigerant as the me- 
chanical heating of compression, the 
remainder occurring as the heating 
due to windage and friction of the 
rotating parts, and as the resistance 
heating in motor windings when an 
electric motor is used. By care in 
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DIGESTION PERIOD-DAYS 
FIGURE 1.—Time required for 90 per cent digestion of sewage sludge at 
various temperatures. 
design, all or nearly all of this con- 95°, the resulting difference in tem- 


verted heat energy can usually be 
channeled into the useful heat stream. 
Thus, the useful heat delivered will 
always be greater than the heat equiva- 
lent of the energy used for the process, 
and the C.O.P. will be greater than 
unity. In most cases it varies from 2 
to 5, but in unusual cases may be as 
ereat as 7 to 10 or more. 

Other conditions being equal, the 
C.O.P. of a heat pump increases as 
the difference between the tempera- 
ture of the useful heat and the tem- 
perature of the heat source approaches 
zero. Since comparatively large quan- 
tities of sewage passes through a sew- 
age treatment plant, and much of the 
waste water originally entered in a 
heated condition and was carried un- 
derground until it arrived at the 
plant, the temperature of the incoming 
sewage is usually 50° F. or above. 
Imhoff and Fair (1) state that in the 
northern United States the average an- 
nual temperature of sewage is 60°, 
with fluctuations of as much as 20° 
higher or lower under extreme cases. 
With the ideal digester temperature of 


perature is favorable for a C.O.P. of 
from 8 to 5. In most cases, withdrawal 
of sufficient heat from the total incom- 
ing sewage for digester purposes would 
lower the sewage temperature less than 
1°. This change in temperature should 
have no effect on the aeration and elari- 
fication processes. 

Other features in which the heat 
pump is desirable for this type of 
plant are the ease of making the di- 
vester heating automatic, requiring 
little supervision; the small amount of 
space required; the cleanliness of such 
equipment; and, finally, the ease with 
which the digester may be initially 
heated or reheated after shutdown for 
repairs or cleaning. 

Lakeland Village Treatment Plant 

For many years a somewhat isolated 
State of Washington medical institu- 
tion, not far from Spokane, used a 
large for disposal. 
With the present population of about 
1,600, the average sewage flow from 
this plant has inereased to about 
300,000 g.p.d. Recently a small sewage 


cesspool sewage 
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treatment plant has been completed to 
serve this institution. 

Because of the very favorable state 
contract for supplying electrical energy 
to this hospital, the original design of 
the treatment plant called for three 
5-kw. electrical heaters for heating the 
digester. Since electrical heating was 
to be used, use of a heat pump offered 
such favorable possibilities of reducing 
the heating costs to about one-third 
of those for resistance-type heating 
that this method of heating was finally 
selected. 


Description of the Plant 


Figure 2 shows the plant shortly af- 
ter it was put into operation. The 
plant units consist of an aerated grit 
chamber, a clarification tank, a chlo- 
rine contact tank, and a digester. The 
effluent is discharged into a lake a 
short distance away. 

The heat pump with its condenser 
(Figure 3) is situated in the compres- 
sor room adjoining the digester. The 
heat pump compressor is a Tecumseh 
Model V.F.P.W. 300 H, driven by a 
3-hp. 3-phase, 220-v. motor. The con- 


denser, mounted just above the com- 
pressor unit, is a Wix 2-pass type hav- 
ing a shell 7 ft. long and 10 in. in 
diameter with three 3-in. tubes through 
which the sludge is cireulated as it is 
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pumped from the digester through the 
condenser and back to the digester. 
With the hot, compressed Freon in the 
10-in. tube and around the 3-in. tubes, 
heat readily flows through the walls 
of the sludge tubes to heat the circu- 
lating sludge. Although not shown in 
Figure 3, the condenser was later 
thermally insulated. Sludge circula- 
tion is accomplished by means of a 2- 
hp. centrifugal pump in the pit below 
the compressor room. No means were 
provided for salvaging the windage, 
friction, and motor resistance losses 
other than for heat for the compressor 
room. Also, the sludge circulating 
piping within the room was not heat 
insulated. The heat thus released will 
probably be sufficient to keep this 
equipment room heated without pro- 
vision of electric wall heaters. 

Heat for the digester is obtained by 
passing the cold refrigerant into three 
22-in. by 60-in. Dole quick-freeze plates 
mounted in the hydro-wash tank 
(aerated grit chamber) in such a man- 
ner that the agitated sewage flows quite 
rapidly along the plate surfaces, thus 
providing good heat transfer. The 
compressed liquid Freon is fed to each 
plate by a separate thermostatically 
controlled expansion valve. 

Since digester heating is to be ac- 
complished by the use of electrical en- 
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FIGURE 2.—Lakeland Village sewage treatment plant. ‘ed 


ergy, the digester was well-insulated 
thermally. The exceptionally low di- 
gester heat losses found in tests pro- 
vide evidence of the value of this con- 
struction. Such heat insulation might 
well be advisable regardless of the 
method of heating. 


Apparatus and Methods Used in 
Operating Tests 


Several weeks after the plant was 
put into operation, at a time when 
the digester was nearly filled with 
sludge and had attained an average 
temperature of about 90°, a rather 
complete series of operating tests was 
made. Figure 4 is a schematic dia- 
gram of the heat pump apparatus and 
the portions of the plant involved. The 
pressures, temperatures, ete., required 
for the tests are indicated by consecu- 
tive numbers in circles at the points 
taken, and again indicated by their 
position on a typical pressure-enthalpy 
diagram. 

The rate of flow of Freon through the 
unit was measured by means of a 
glass-tube type rotameter, with the 
Freon in its liquid stage. The rate of 
flow of sludge through the condenser 
was measured by a special type of 
liquid flowmeter which offered little 
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FIGURE 3.—Heat pump and condenser units. 
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opposition to the flow and was not 
easily fouled by solids. The rate of 
sewage flow into the plant was obtained 
by means of a recording flowmeter, a 
permanent piece of plant equipment. 

The electrical input was recorded by 
means of a graphic wattmeter, and 
the energy input, by means of a watt- 
hour meter. Readings on the watt- 
hour meter were still being recorded 
some two months after the tests, in 
order to determine the average daily 
consumption. 

The major portion of the tempera- 
tures were obtained by means of cop- 
per-constantan thermocouples, installed 
in such a manner as to most accurately 
determine the temperature at the de- 
sired point. The thermocouple tem- 
peratures were continuously recorded 
by means of an electronic potentio- 
meter, a second couple in an ice bath 
being used as the reference junction. 
A special motor-driven selector switch 
made possible the recording of all 18 
couples every 12 min. The digester 
sludge temperatures were measured at 
three points: in the digester at a point 
2 ft. from the bottom, at 1 ft. below 
the sludge surface, and in the cirecu- 
lating line to the condenser. The top 
and bottom maintained approximately 
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3° difference in temperature, with the 
circulating sludge more nearly that at 
the top. All three temperatures main- 
tained about the same differences re- 
gardless of the general sludge tempera- 
tures. 

Continuous readings were taken dur- 
ing the tests. The rotameter flow, as 
well as head and suction pressures of 
the compressor, were photographed 
every 4 min. by means of a clock-con- 
trolled, 16-mm. moving picture camera. 
During the more important portions of 
the tests, visual readings were recorded 
every 15 sec., since failure in photo- 
graphic results might result in no flow 
or pressure readings. These visual 
data proved more valuable than the 
photographic, because the operation of 
the three thermo-controlled expansion 
valves caused rather rapid variations 
in Freon flow, and 4 min. between 
readings gave poor over-all accuracy. 


Test Results 


Although considerable data were 
taken during the several days of test- 
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ing, very little control of the test con- 
ditions was possible. The normal out- 
side temperature varied with the time 
of day and weather conditions. Incom- 
ing sewage temperature, as well as 
quantity, changed throughout the day. 
Such variables, together with their ef- 
fect on the plant operation, are quite 
definitely indicated in Figure 7. To 
determine the effect of one variable 
with respect to another, spot readings 
were selected when the desired condi- 
tions prevailed. 

Two methods were used for deter- 
mining the C.0.P.—First, by calculat- 
ing the heat exchange from the test 
readings taken and using the pressure- 
enthalpy diagram for Freon 12, to- 
gether with the electrical power input 
measured by the wattmeter; second, by 
using the manufacturer's data for the 
compressor, which require only the test 
readings of speed, head and suction 
pressure, and the power input. The 
C.O.P. values based on manufacturer’s 
data are somewhat higher than those 
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SYMBOLIC DIAGRAM OF HEAT PUMP 


2) PRESSURES AND TEMPERATURES 


THERMODYNAMIC DIAGRAM 
FIGURE 4.—Schematic diagram of plant and test equipment. 
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by test. This can be accounted for, as 
the manufacturer’s data are 
upon superheating of the suction gas 
to an ambient temperature of 85°, and 
this was not duplicated in these tests 
because of a lack of evaporator capacity 
and a lower ambient temperature in 
the plant. Also, the circulating sludge 
lines in the compressor room were not 
insulated thermally, and no provisions 
were made to salvage the windage, 
friction, and motor electrical resistance 
heat other than to heat the compressor 
room. These losses will still further 
lower the C.O.P. values calculated by 
the first method. 

Figure 5 shows the C.O.P. obtained 
by both methods, as related to the tem- 
perature of the sewage supplying heat 
to the evaporator. The third 
shows the heat 


based 


curve 


delivered to the di- 


FIGURE 5.—Heat pump performance curves for constant sewage temperatures. 


gester as related to the sewage tem- 
perature. An additional abscissa scale 
gives the corresponding approximate 
Freon temperature within the evapora- 
tor plates as related to the sewage tem- 
perature. The rather large difference 
between these two indicates the lack 
of sufficient evaporator-plate surface, 
and is the major cause of a lower 
C.O.P. than was expected. With a 
10° to 20° difference, a somewhat 
higher performance would result. 

Figure 6 presents the relation of the 
C.0.P. at two values of incoming sew- 
age temperature, as it would change 
for various digester temperatures. The 
dotted line is a similar estimated curve 
for a sewage temperature of 50°, the 
lowest temperature expected during 
the cold part of the year. 

The variation in operating conditions 
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throughout a typical day of operation 
is clearly indicated in Figure 7. The 
C.O.P. is somewhat improved at the 
higher sewage temperatures, as should 
be expected. The power demand is 
also increased slightly, but remains 
relatively constant. The power de- 
mand for the compressor, recorded for 
more than a month, averages about 75 
to 80 kw.-hr. per day. 

Some special runs were made to de- 
termine the heat losses through the 
outside surfaces of the digester. Dur- 
ing these runs no fresh sludge was 
added or digested sludge withdrawn. 
Experience indicated that the sunshine 
during the daylight hours did not 
greatly affect the losses until well after 
noontime. However, the effects of the 
afternoon sunshine persisted well into 
the night. In order that the loss cal- 
culations be little affected by other 
than the ambient outside temperatures 
and that this remain as constant as 
possible, the losses were based on the 
average ambient temperature between 
midnight and noon. 

With an average sludge temperature 
of 86° inside the digester, with sludge 
depth of 13 ft., and an average outside 
temperature of 47°, the heat losses were 
found to be 5,160 B.t.u. per hour. The 
calculated loss for a full tank (17 ft.) 
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held at 90° inside and with 0° outside 
would be 13,400 B.t.u. per hour. 

During normal operation the sludge 
addition averaged about 8,250 lb. per 
day. Assuming this enters at an aver- 
age of 50° during the 0° weather, the 
heat required to increase the tempera- 
ture of this new material to 90° would 
be 330,000 B.t.u. or 13,750 B.t.u. per 
hour. 

Losses on the uninsulated sludge cir- 
culation pipes between the digester and 
heat pump condenser, measured by 
means of a heat flowmeter, were found 
to be about 1,270 B.t.u. per hour. 

Heat added to the sludge by friction 
in the sludge circulation pump was 
calculated to be about 5,530 B.t.u. per 
hour. 

The total heating requirements per 
hour under the severe 0° winter con- 
ditions would then be as follows: 


Item B.t.u./br 
Digester heat losses 13,400 
Heating raw sludge additions 13,750 
Circulating line losses 1,270 
Total 28,420 
Supplied by circulation pump 5,530 
Required from heat pump 22,890 


Conclusions from Tests 


The initial heating up of the digester 
with its increasing load of sludge was 
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FIGURE 6.—Heat pump performance curves for constant circulating sludge temperatures. 
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more rapid than had been anticipated. 
The quality of the thermal insulation 
used was probably the major factor 
producing this result. During the tests 
the capacity of the heat pump proved to 
be quite adequate for supplying the 
heat required. However, since these 
tests were made in the early part of 
May, the incoming sewage was quite 
warm, and the outside air temperature 
varied from a little below freezing at 
night to about 85° during the warmer 
portion of the day. The calculated 
hourly demand of 22,890 B.t.u. for the 
coldest season of the year as compared 
to the average hourly output of 18,000 
B.t.u. during these tests indicates that 
some alterations may be necessary for 
successful operation during the winter. 

The Freon temperature when leav- 
ing the condenser ranged from 25° to 
35° less than the temperatures corre- 
sponding to the saturated vapor at the 
pressure inside the condenser, which 
indicates a considerable amount of 
sub-cooling. The calculated heat-trans- 
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tic daily operation of plant. 
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fer factor, K (B.t.u. per square foot 
per hour per degree of temperature 
difference), for the condenser gave an 
average value of 35 or more. Thus the 
condenser will probably prove to be 
more than adequate even in the coldest 
period of the year. 

On the other hand, the evaporator 
has a temperature drop through its 
surface of 35° to 40°, indicating that 
the Freon is probably still in saturated 
state upon leaving and depends upon 
heat absorbed through the tubing back 
to the compressor for any super-heat- 
ing. A temperature drop as low as 
10° to 15° through the evaporator sur- 
face is most desirable. The manufac- 
turer gave a K factor for these plates 
of 30 when used in agitated water. 
For design, a value of 20 was used, but 
calculations from the test indicate they 
were operating at an average value of 
nearer 12. The aerating action of the 
hydro-wash agitator may introduce 
enough air bubbles about the plates to 
cause some lowering of the K factor. 


1376 
" 
- 
e 
OF UAL DATA an 


Vol. 25, No. 12 HEAT P 


Deposits on these plates were antici- 
pated in design, but after more than 
two weeks of operation, inspection 
showed the surface to be nearly as 
clean as when new. The violent agita- 
tion probably will maintain this con- 
dition. 

Fortunately, in this plant there is 
ample room to add one or even more 
evaporator plates, and calculations in- 
dicate that if the temperature drop 
through the surface can be lowered to 
about 25° instead of 35° or more, the 
winter period requirements will be met. 

The addition of more evaporator 
plates would increase the C.O.P. to 
some extent, but would also increase 
the power required of the compressor 
motor. The compressor is capable of 
taking a somewhat greater load, es- 
pecially if the speed is increased, but 
the present 3-hp. motor would prob- 
ably be overloaded, especially during 
periods when the incoming sewage tem- 
perature is high. Thus a 5-hp. motor 
may be required. 
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This installation has proven that a 
heat pump can be successfully used for 
sludge digestion heating. Some of its 
advantages over other heating meth- 
ods are cleanliness, automatic control, 
small space requirement, and, with a 
low enough electric power rate, a sav- 
ing in the cost of producing the heat. 


Possibilities in Sewage Treatment 
Plants 


At present the application of the 
heat pump in sewage treatment plants 
appears to be more or less limited to 
two general types. Under certain con- 
ditions it might be well adapted for 
use in the small plant producing too 
small an amount of gas to be economi- 
cally utilized, or it might prove de- 
sirable in a plant of such size that 
the gas can be used to generate the 
electrical energy needed in the plant, 
with perhaps an excess for sale at pe- 
riods when more can be generated than 
is needed. This would avoid the prob- 
lem of gas storage. 
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FIGURE 8.—Comparative heating costs. 
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Perhaps a more realistic method of 
analysis would involve the cost of elec- 
trical energy. With the rather low 
electrical energy rates which exist in 
certain areas, the cost of energy to 
operate a heat pump with a C.O.P. of 
3 or more may be equal to or less than 
the cost of oil. Thus, in a small plant, 
the heat pump might prove more de- 
sirable and possibly more economical 
than using oil for heating. Figure 8 
shows the relative cost per 1,000,000 
B.t.u.’s of heat for various heating 
methods, such as electrical heat, the 
heat pump at various C.O.P., and oil- 
fired boilers at certain assumed effi- 
ciencies. Although electrical energy is 
usually sold on a sliding-base scale, a 
fairly accurate estimate of the relative 
costs can be obtained from the chart. 

On the other hand, with the rather 
high electrical energy rates found in 
other parts of the country where steam 
generation must be relied upon, an 
electric generator utilizing the sewage 
gases for supplying the electrical needs 
of the plant might prove very desir- 
able. This has actually been accom- 
plished in some plants with an appreci- 
able saving on energy costs. At times 
some electrical energy actually has been 
returned to the power system. 

In the latter case, the heat pump 
might offer added advantages. 
Imhoff and Fair (1) state that about 
50 per cent of the original heat in the 
gas can be salvaged by using the heat 
in the exhaust gases of 
for digester heating. Regardless of 
whether the exhaust gas heat is used 
or not, the generator will deliver the 
energy equivalent of about 20 to 25 per 
cent of the original heat. This means 
an over-all efficiency of 70 to 75 per 
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cent, far in excess of the usual gen- 
erating of electrical energy from heat. 
Normally the heat from exhaust gases 
will not be sufficient for the digester, 
and a portion of the gas is burned in a 
boiler to supply the remainder, with 
an efficiency rarely in excess of 60 per 
cent. If the gas used for this added 
heat were used to generate electrical 
energy, almost as much heat would be 
obtained from the exhaust gas and 
added electric energy would also be 
provided. A heat pump could use a 
portion of this energy to supply three 
to four times its heat equivalent and 
thus easily supply any added heat re- 
quired by the digester. This would 
result in more electrical energy to use 
elsewhere or perhaps return to the 
power system for some financial return. 
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TWO NEW METHODS FOR THE DETERMINATION 
OF GREASE IN SEWAGE * 


By F. WELLINGTON GILCREAS, WALLACE W. SANDERSON, 
AND Rupy P. ELMER 


Division of Laboratories and Research, New York State Department of Health, 
Albany, N.Y. 


The determination of grease in sew- 
age is not a truly quantitative analyti- 
cal procedure in the sense that abso- 
lute quantities of a specifie substance 
or substances are measured. Rather, 
an attempt is made to estimate quanti- 
tatively a group of substances whose 
composition is variable and known only 
in general terms, and which can be de- 
scribed more accurately by their ef- 
fect on receiving bodies of water and 
land surfaces. Thus, grease can be 
said to inelude those substances con- 
sisting primarily of fats, oils, and 
waxes which, when present in sufficient 
quantities, produce oil sleek on water 
surfaces and _ river banks; blind 
screens ; cause greasy accumulations on 
walls; interfere with Imhoff tank, acti- 
vated sludge, and digestion processes; 
and cause clogging of filters, nozzles, 
and sand beds. 

The sanitary significance of a value 
obtained by any method for the esti- 
mation of grease chosen as a standard 
procedure can be determined only by 
correlation of analytical results with 
sewage treatment practice. The prov- 
ing of an analytical procedure by its 
sanitary significance is a long-range 
project beyond the scope of the pres- 
ent study. The purpose of this in- 
vestigation is to seek the most efficient 
method for the determination of 
grease from a laboratory point of view. 

To evaluate methods the following 
criteria were used: 

*Study made under Research Grant RG 
762 from National Institutes of Health to 
Federation of Sewage Works Associations. 


1. Quantity—the amount of grease 
extracted from a sample should repre- 
sent a determinable percentage of the 
total grease in the sample. 

2. Reproducibility—on the basis of 
minimum standard deviation in repli- 
cate determinations. 

3. Minimum of non-grease materials 
included in the determination on the 
basis of ash and Kjeldahl nitrogen. 

4. Minimum of elapsed and person- 
nel time required to complete a de- 
termination. 

5. Simplicity—special technic or ap- 
paratus not required. 


To accomplish the purpose of this 
study, every procedure tested involved 
a triplicate determination and included 
the determination of ash and nitrogen 
in the final grease if the amount of 
extracted grease permitted. To test 
the procedure on as wide a variety of 
samples as possible, samples were taken 
from four different local sewage treat- 
ment plants. 

Inasmuch as ‘‘Standard Methods”’ 
(1) defines grease as ‘‘that material 
which is extracted from an acidified 
sample by petroleum ether,’’ the in- 
vestigation proceeded on that basis and 
no attempt was made to examine the 
suitability of other solvents. 

The present study was divided into 
four sections: (a) preliminary work of 
examining existing methods, (b) ex- 
perimental work with sewage, (¢c) ex- 
perimental work with a_ standard 
grease, and (d) collaborative work by 
other laboratories. 
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Preliminary Work 
Since the purpose of the preliminary 
work was to become acquainted with 
the problems and the technics of grease 
determinations and not to establish a 
statistical comparison of known meth- 
ods, modifications of such known meth- 
ods were introduced wherever it was 
deemed advantageous to do so. 

The standard method (1) was modi- 
fied by filtering the solvent used in ex- 
traction of the filtrate through the ex- 
traction thimble into a tared flask and 
adding the dried cotton pad after dry- 
ing the thimble. It was felt that the 
solvent layer contained enough water 
from the filtrate to re-wet the dried 
cotton pad and thereby reduce the 
efficiency of Soxhlet extraction. The 
preparation of grease-free cotton was 
tedious and required special apparatus. 
Filtration of samples containing a large 
amount of suspended solids required 
from 1 to 4 hr. A large amount of 
suspended solids also resulted in in- 
complete drying within the prescribed 
time. Great difficulty was experienced 
in trying to place the dried cotton and 
paper in an extraction thimble without 
loss of material. Extraction of the 
filtrate with solvent resulted in the 
formation of a stubborn emulsion. 

The Sanderson method (2) is a modi- 
fication of the standard method. In- 
stead of filtration through a pad of 
erease-free cotton, this technic 
a muslin cloth overlaid with Whatman 
No. 40 filter paper and a layer of filter 
cell. The filtrate is discarded. 

The Gehm method (3) was modified 
by the omission of pH adjustment 
prior to flocculation with alum; by 
drying of the acidified mat at 103° C. 
instead of at 60° C. Extraction was 
allowed to continue at a rapid rate of 
20 cycles per hour for 4 hr. instead of 
at a slower rate for 12 hr. Weighed 
flasks were dried over steam with 
vacuum for 15 min. instead of over- 
night at 60° C. The elapsed time re- 
quired for this method is too long. The 
chief criticism of the procedure, or of 
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any that requires coagulation of a sam- 
ple prior to filtration, is the necessity 
for relying ou individual judgment as 
to what constitutes clarified superna- 
tant. 

The Eliassen-Schulhoff method (4) 
was modified to the extent of using 
a large Soxhlet apparatus instead of 
the Bailey-Walker extraction appara- 
tus. The filtration of 1 1. or more of 
sewage, especially if that sewage con- 
tains a large amount of suspended sol- 
ids, through so small a filter area as 
presented by a Goch crucible is ex- 
tremely tedious. Moreover, the drying 
of the asbestos mass required much 
more time than the authors indicated. 

Two attempts were made to complete 
a determination for grease according 
to the method of Pomeroy-Wakeman 
Both met with failure in that 
demulsification with heat proved un- 
successful. 


(5). 


Experimental Work 
1. Sanderson Method 


The Sanderson method was selected 
as a basis for the experimental work, 
from which it was hoped would evolve 
a new method that would meet the five 
criteria of quantity, reproducibility, 
least extraction of non-grease, mini- 
mum elapsed and personnel time, and 
simplicity of technic and apparatus. 

If sewage samples were homogenized 
before apportioning them into smaller 
experimental samples, much of the 
sampling error encountered because of 
the uneven dispersion of large grease- 
bearing particles would be minimized. 
Homogenization cannot be introduced 
as an integral part of a standard 
method because of the additional equip- 
ment necessary. To obtain data re- 
garding the comparison of two methods 
it was thought that a more valid criti- 
cism of the methods, exclusive of sam- 
pling errors, could be obtained if the 
sample was homogenized for the ex- 
perimental work. A comparative test 
involving ten sets of triplicate samples 
of sewage, five sets representing manu- 
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ally stirred samples and five sets 
homogenized samples, all run accord- 
ing to the Sanderson method, showed 
that homogenization improved the pre- 
cision of the method. Unless other- 
wise stated in this report, all samples 
for experimental study are homogen- 
ized. 

For the Sanderson method, an 
elapsed time of 20 hr. is required. 
The pre-filtration, filtration, and ex- 
traction features of the technic were 
studied to determine whether the pro- 
cedure could be modified to materially 
decrease the elapsed time without af- 
fecting quantity or reproducibility. 

A series of tests comparing the pre- 
cision ob.ained by boiling and cooling 
with that obtained without boiling and 
cooling demonstrated that boiling re- 
sults in a significant lower recovery of 
grease. <A satisfactory precision is re- 
tained with the elimination of boiling. 

Elimination of boiling and cooling 
of a sample reduced the elapsed time 
of the Sanderson method from 20 hr. 
to about 6 hr. 

‘*Standard Methods” (1) prescribes 
an extraction rate of 8 to 10 cycles per 
hour in the determination of grease by 
Soxhlet extraction. In all the tests 
performed up to this point in the 
study, an extraction rate of approxi- 
mately 20 cycles per hour for a period 
of 4 hr. was employed. Tests were run 
to determine whether this increased 
rate of extraction would permit a re- 
duction in the extraction time. It is 
apparent from these tests that for es- 
sentially complete extraction of pe- 
troleum-ether soluble material, Soxhlet 
extraction, even at a rapid rate of ex- 
traction, must be continued for 4 hr. 


2. Direct Extraction Method 


The Pomeroy-Wakeman method was 
objectionable because no _ reliable 
means was known for breaking the 
emulsion formed in the extraction of 
sample with solvent. Investigation of 
a great number of physical and chemi- 
cal methods of demulsification finally 
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indicated that anhydrous sodium sul- 
fate was the most reliable demulsifier. 

To determine the number of extrac- 
tions required to yield a determinable 
percentage of the total grease, tests 
were completed on five different sets 
of triplicate samples, in which the first 
through the fourth extractions were 
pooled and weighed, the fifth through 
the seventh being weighed individually. 
In one of the five sets, all grease was 
extracted in the sixth extraction. In 
the other four sets, significant amounts 
of grease were extracted in the seventh 
extraction. 


3. Semi-Wet Extraction Method 


Since petroleum ether is able to ex- 
tract grease from particles that are 
wet, as in the direct extraction method, 
the solvent should extract grease from 
particles that are almost dry as on the 
muslin-filter paper-filter cell combina- 
tion of the Sanderson method, provided 
some mechanical means of forcing con- 
tact betwen solvent and particles could 
be devised. 

Comparative tests were not made be- 
tween the new semi-wet extraction 
method and the Sanderson method. In- 
stead, the procedure described at the 
end of this report was followed on 
eight sets of triplicate samples to de- 
termine its potentialities. The results 
warranted further investigation. 

A comparative study was then made 
between the new method and the modi- 
fied Sanderson method. A gross sam- 
ple of sewage was apportioned into six 
1-1. amounts. The samples were not 
homogenized so that the data obtained 
would be representative of routine lab- 
oratory determinations. One set of 
triplicate samples was analyzed by the 
semi-wet method, the other by the modi- 
fied Sanderson procedure. The results 
are given in Table I. The difference 
between the standard deviations of the 
two methods is so.small, 1.565 and 
1.887, respectively, that the semi-wet 
method warranted further investiga- 
tion. 
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Although the semi-wet extraction 
method represented an elapsed time of 
only 314 to 4 hr., it appeared desirable 
to reduce the elapsed time further. 

Because of the simplicity of the 
method, only two steps could be investi- 
vated as a means of reducing the 
elapsed time; namely, a reduction in 
the number of extractions and/or a de- 
crease in the time of desiccation. 
Neither doubling the amount of solvent 
per extraction nor increasing the time 


TABLE I. 
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for each extraction from 2 to 5 min. 
had any effect on the extraction rate 
of grease. A comparison was then 
made between 2-min. extractions and 
l-min. extractions. Inasmuch as the 
results indicated that 1- and 2-min. 
extractions were equally effective, the 
semi-wet method was modified to pro- 
vide 1-min. extraction time. 

To determine the possibility of de- 
creasing the number of extractions, ten 
sets of triplicates were extracted ten 


A Comparison of the Semi-Wet and the Modified Sanderson Methods 


for Grease Extraction 


Wet Method 


0.01 
1.00 
0.64 


2d? = 1.65 
(1.78%) 
0.04 
0.25 
0.09 


Sd? =0.38 
(1.26%) 


2.89 
0.49 
O.S1 


=4.19 

(1.84%) 
4.00 
0.64 
1.44 


Yd? =6.08 
(84.19%) 


0.25 
1.69 
0.81 
2d? = 2.75 
(4.29%) 


0.6 
04 


S=0.93 


Sanderson-Smith Method 
da 
2.89 
2.25 


0.04 


Dd? =5.18 
S=1.61 (3.09%) 
0.49 
1.21 
1.21 


S=1.13 (1.47%) 
0.25 
1.69 
2.89 


Yd? = 4.83 
S=1.56 (3.42%) 


0. 
Ld? = 3.95 
S=141 (4.93%) 
0.01 
0.4 0.16 
0.16 


=0.33 
S=0.41 (0.50%) 


- — - 
51.1 0.1 50.4 
52.2 1.0 53.6 
50.4 0.8 52.3 0.2 
r=52.1 
R= 18 R= 32 
St= 0.83 S=0.91 S?= 2.59 
34.6 0.2 40.1 
a 35.3 0.5 10.5 : 

34.5 0.3 38.3 

F=34.8 F=394 — 

R= 08 R= 18 =2.91 

S= 0.19 S=0.44 St= 146 S=1.21 (3.07%) 
77.0 17 77.3 0.6 0.36 
ag 79.4 0.7 754 1.3 1.69 

re 79.6 0.9 77.4 0.7 0.49 

$=78.7 £=76.7 
R= 2.6 R= 2.0 Yd? =2.54 
St= 2.10 S=1.45 St= 1.27 
39.5 2.0 16.1 
$2.33 0.8 46.9 
ae 42.7 1.2 13.9 
2=41.5 £=45.6 
R= 3.2 R= 3.0 
3.04 S=1.74 S?= 2.42 
27.0 0.5 27.1 1.5 2.25 
28.8 1.3 20.9 1.69 

26.6 0.9 28.7 
£=27.5 £=28.6 

R= 2.2 R= 28 
St= 138 S=1.18 St= 1.98 

78.1 1.1 1.21 81.7 
79.8 0.36 81.2 
79.6 0.16 82.0 
$=79.2 F=81.6 
R= 17 Sd? =1.73 R= 08 
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TABLE I—Continued 
Semi-Wet Method | Sanderson-Smith Method 
52.2 0.5 0.25 54.4 2.0 4.00 
52.4 0.3 0.09 53.7 0.7 0.49 
53.6 0.9 0.81 61.0 4.6 21.16 
£=52.7 £=56.4 
R= 14 Yd? =1.15 | R= 7.3 =25.65 
S= 058 S=0.76 S=1283 S=3.58 (6.35% 
44.6 1.6 2.56 | 47.3 1 1.21 
46.4 0.2 0.04 47.1 1.3 1.69 
47.5 13 1.69 | 50.9 2.5 6.25 
t=46.2 — 
R= 29 Dd? = 4.29 R= 38 rd? =9.15 
St= 2.15 S=147 (3.18%) St= 4.58 S=2.14 (4.42%) 
20.3 0.8 0.64 | 19.3 0.0 0.00 
22.3 1.2 1.44 19.1 0.2 0.04 
20.6 0.5 0.25 19.6 0.3 0.09 
2=21.1 2=19.3 
R= 2.0 Yd? =2.33 R= 0.5 Yd? =0.13 
S= 1.17 S=1.08 (5.12%) S= 0.06 S=0.25 (1.30%) 
56.3 4.0 16.00 | 51.8 1.0 1.00 
50.8 1.5 2.25 | 50.5 2.3 5.29 
49.8 2.5 6.25 56.0 33 10.24 
£=52.3 F=52.8 
R= 6.5 Yd? = 24.50 R= 5.5 Dd? = 16.53 
S?=12.25 S=3.50 (6.69%) St= 8.27 S=2.88 (5.45%) 


Average =48.5 [96.8°% ] 


R= 2.5 
Yd? = 49.05 
2.45 
S= 1.35 (2.78%) 
Nitrogen, Kjeldahl = 0.03% 
Ash= 0.11% 


times, the first five extractions being 
pooled and weighed as one and the 
sixth through tenth being pooled and 
weighed as one. Weighings were made 
at the end of 14 hr. and at the end 
of 1 hr. in the desiccator. These results 
suggested further modification of the 
semi-wet method to provide 1 hr. in 
the desiccator instead of 1 hr. 

Further study showed that the rate 
of extraction of grease varied markedly 
in different sewages. Figure 1 shows 
the rate of grease extraction from dif- 
ferent sewages expressed as per cent 
of that extracted by seven extractions. 
It can be seen that in one sample no 
further grease was extracted after the 
fifth extraction; in another, only 96 


Average #=50.1 [100%] 


R= 3.1 
Yd? =71.20 

3.56 

S= 1.62 (3.23°) 


Nitrogen, Kjeldahl = 0.035% 
Ash= 0.096 


per cent of the grease was extracted by 
five extractions. No evidence that 
seven extractions yielded all the grease 
was obtained. Thus, it is not possible 
to reduce the number of extractions 
from ten and assume a known per- 
centage of the total grease will be ob- 
tained. 


Experimental Work with a 
Standard Grease 


To establish the precision of the semi- 
wet extraction method and the modi- 
fied Sanderson method for the determi- 
nation of grease in sewage, both were 
applied to a grease of known composi- 
tion. 

Crisco, a nationally known vegetable 
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shortening, is proposed as a standard 


grease. It is readily available, its com- 
position is uniform from batch to batch, 
it is completely extractable by petro- 
leum ether, it contains no fractions 
volatile at 103° C. or at 100° C. with 
25 in. of vacuum. 

One hundred tests for the determina- 
tion of grease (100 mg. of Crisco serv- 
ing as the grease in each test) were 
completed. Fifty tests were run ac- 
cording to the modified Sanderson 
method and 50 according to the semi- 
wet method. The modified Sanderson 
procedure resulted in 98.2 per cent 
recovery; the semi-wet procedure in 
93.9 per cent. The small difference 
between the standard deviations of 
each—that is, 1.548 and 1.769 respec- 
tively—suggests that the precision of 
the two tests is close. The 95 per cent 
confidence limits of each permit a de- 
viation from the means of + 0.4 and 
+ 0.5, respectively. 

Difference in the percentage recovery 
of a standard grease by the two meth- 
ods could not be related to results 


6 7 
NUMBER OF EXTRACTIONS 


FIGURE 1.—Rate of extraction of grease from sewage from different sources. 


obtained by the two methods on natu- 
ral grease (see Table I). If the modi- 
fied Sanderson method permits a 98.2 
per cent recovery of grease, and the 
semi-wet method a recovery of 93.9 per 
cent irrespective of the total amount of 
grease present, then the results by the 
modified Sanderson technic mutiplied 
by 1.02, and the results by the semi- 
wet technic by 1.06 should yield re- 
sults equivalent to 100 per cent ex- 
traction. 

It may be that 98.2 and 93.9 do not 
represent percentages which are valid 
over all ranges of total grease present 
in a sample. Possibly, in the modified 
Sanderson method a loss of 1.8 mg. of 
material may be expected on glassware, 
and the semi-wet method involving 
more: transfers and glassware results 
in a fixed loss of 6.1 mg. per sample. 
The values with natural greases ob- 
tained as shown in Table I were re- 
caleulated according to both of the 
foregoing theories to yield 100 per cent 
results. No interpretation appears 
possible. 
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To further test these possibilities, 50 
tests by each method were completed 
using 50 mg. of Crisco. The results 
are given in Table II. The modified 
Sanderson method resulted in 100.04 
per cent recovery and the semi-wet 
method in 92.9 per cent recovery. The 
standard deviation of the modified 
Sanderson procedure was nearly the 
same as when a 100-mg. sample was 
used, 1.572 as compared to 1.548. The 
standard deviation of the semi-wet pro- 
cedure increased to 2.641 from 1.769 
when the smaller sample was used. 

These results confute the two possi- 
bilities suggested and show that the 
percentage recovery at different grease 
content levels is nearly the same and 
that there is no loss of a fixed quantity 
in either method. 


Collaborative Work 


To determine the validity of data 
compiled by this laboratory on the 
comparison of the modified Sanderson 
method and the semi-wet method of 
erease extraction, several laboratories 
throughout the country were requested 
to run both methods on five 50-mg. 
samples of standard grease and on ten 
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replicates of natural sewage, both raw 
and effluent (five replicates by each 
method). Table II shows the results 
obtained by six laboratories using 
standard grease (Crisco). Table III 
shows the results obtained by cooperat- 
ing laboratories on raw and effluent 
sewage. The figure in brackets follow- 
ing the mean (Z) represents the per- 
centage recovery of grease, assuming 
that the amount extracted by the modi- 
fied Sanderson method equals 100 per 
cent. 


Discussion 


The standard method, the Sander- 
son, the Eliassen-Schulhoff, and the 
Gehm methods investigated in the pre- 
liminary phase of this study have one 
disadvantage in common. All require 
well over a working day’s time for 
completion. A routine procedure for 
the determination of grease in sewage 
should be brief, simple in technic and 
apparatus, as well as accurate. 

The Sanderson method was investi- 
gated and modified by the elimination 
of boiling and refrigeration, which re- 
duced the elapsed time from 20 to 6 
hr. The data indicate that boiling of 


TABLE II.—A Comparison of the Modified Sanderson and Semi-Wet Extraction Methods 


Using Standard Grease (50 mg. Crisco) 


| shanti Laboratory 1 | Laboratory 2 | Laboratory 3 | Laboratory 4 | Laboratory 5 | Laboratory 6 
Factor | | 
| | | | | | | | 
Ms! | SW: | Ms! | SW? | MS! | SW: | Ms! | sW: | Ms! | Sw? | Msi | SW? | Ms! | sw: 
i | 50.02%| 46.444] 50.2 | 47.0 | 51.0 | 488 | 48.3 | 41.0 | 50.8 | 49.9 | 49.6 | 482 | 508 | 44.2 
R 90 }154 | 18 | 37 | 10 | 28 | 35 | 30 | 05 | 22 | 34 |] 21 | 43 | 156 
n 50 «50 | 8.4 | | | 5 | 5 
121.06 |341.87 815 0.51! 4.82 7.30) 0.14 3.07 | 6.58 3.10) 1094; 1.53 
Ss? 2.47 6.98) 0.47 | 2.04 0.13 | 1.21] 183{ 1.50 } 0.04 | 0.77) 1.65 0.78 | 2.76| 038 
Ss 1.57} 264] 143| 036] 1.10! 1.35] 123] 088] 088] 0.62 
| +3.13 45.25 | 41.77 } +3.68 | +0.93 | +2.8% | +3.47 | +3.16 | +0.51 | +2.26 | 43.32 | +2.26 |+4.27 | +1.59 
CLies | +04 |+0.74 - | | - | - | | 
Factor) Ms! | sw? Factor Ms! sw: 
Average of re- 2% |} 50.1 (100.2%) | 46.5 (93.0%) Results by labs. 7 50.1 (100.2%) | 46.7 (93.4%) 
sults by labs. R | 2.4 2.6 lthrough6 R 4. 108 
through6 S 0.93 1.02 if treated as S 1.35 | 3.26 
| £2.38 | +2.63 30 determ. | +2.65 +6.39 
| | CLis; | +0.37 +09 


! Modified Sanderson method. 
2 Semi-Wet extraction method. 
3 100.04 per cent. 

‘92.88 per cent. 
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A Comparison of the Modified Sanderson and Semi-Wet Methods 


on Natural Sewages, as Reported by Cooperating Laboratories 


Laboratory 1 Laboratory 


Laboratory 


| Laboratory 3 | Laboratory 3 | Laboratory 


Laboratory 1 2 2 4 
Raw Sewage | Effluent | Raw Source 1 | Raw Source 2 aw | Effluent | Packingh 
Sewage | | | | | W.1 
(1) (2) | (3) (4) | (5) | (6) | (7) 
| | | | 
| | | 
MS SW | MSs SW | MS SW |; MS | SW; MS SW MS ! SW | MS | SW 
79.8 | 81.0 |12.1 |11.6 | 77.8 | 73.5 [131.6 {121.9 |101.6 | 92.7 | 81.5! |43.5' | 58.7 | 51.8 
R 3.3 4.8 1.6 41 | 14 6.1 | 46 | 5.4 7.5 9.0 | 17.5! 2.51 | 69 | 4.5 
n 5 5 | 5 | 5 5 5 | 5 5 5 5 5! 5 5 5 
zd 8.66 | 16.69 1.72 10.70 1.05 | 19.55 5.24 13.88 | 32.70 | 51.30 |232.5! | 7.50! | 35.46 | 13.38 
2.17 | 4.17] 043 | 2.68] 0.26] 489] 3.81] 3.47] 8.18 | 12.83 | 58.13!) 1.88!) 8.87 | 3.35 
1.47 | 2.04] 0.66} 1.64] 0.51 | 2.22 1.96} 1.86] 2.86| 3.58 7.62!| 1.37!| 2.98] 1.83 
3.78 1.70 | 4.21 132 |] 5.70 | 5.04] 4.78 | 7.35 | 9.20 | | 7.66) 4.70 
| | 
| | | | | 
Laboratory 4 | Laboratory 4 | Laboratory 4 | Laboratory 5 | Laboratory 5 | Laboratory 6 | 
Packingh. | Dom | Jom Raw | Effluent aw Average? 
W.2 Sewage 1 | Sewage 2 | 
(8) (9) | (10) (11) | (12) (13) | 
| 
MS SW MS ; SW | MS | SW MSs SW Ms SW MS SW Ms | Sw 
| 804 | 73.8 |906' | 66.0' | 55.5' [537° | 856 | 780 | 745 | 712 | 728 
R 5.2 7.1 2.71 | 9.5! | 3.4' | 7.8! | 3.3! 4.3! 44 | 103 7.0 8.2 | 47 6.6 
n 5 5! §! | 5 | 5t 5 5 5 45 5 
| 14.35 | 33.78 | 5.641] 51.90'| 6.79! | 41.96'| 7.10! | 16.43! | 15.34 | 64.63 | 39.76 | 38.02 
3.59 | 845] 12.98] 1.70'/10.49'| 1.771] 4.11'| 3.84 | 16.16 | 9.94 | 9.51 | 
1.89 | 2.91} 1.19'] 3.60] 1.30'] 3.241] 1.331] 2.06'| 1.96 | 4.04 3.15 | 3.08 | 1.945) 2.58% 
CLes 4.86 7.48 | | 5.04 | 1038 8.10 | 7.92 4.78 6.62 
' Values excluded in averaging; see text. 
2 Some values excluded; see footnote'. 
3 Taken as 100 per cent. 
493.3 per cent on MS average as 100 per cent. 
§ 2.32 per cent. 
5 3.54 per cent. 
the sample results in a significant loss in that the analysis could be com- 


of evrease. 

Grease has a variable composition. 
Some fractions are volatilized with 
steam distillation as in boiling, other 
fractions are volatilized by heating for 
a period of time at 100° C. or higher. 
The Gehm method avoids a loss of these 
volatile fractions by using a 60° C, hot- 
air oven for drying. This practice in- 
creases the elapsed time and requires 
a 60° C. hot-air oven, not usually 
available in sewage plant laboratories. 

A sewage sample is usually collected 
in one vessel and later transferred to 
another for analysis. Much of the 
grease in the sample adheres to the 
sides of the sampling vessel and a vari- 
able proportion is thereby lost. The 
significance of the most accurate de- 
termination of grease in a sewage sam- 
ple is thus lessened. <A direct extrac- 
tion method would eliminate this loss 


pleted in the collecting vessel. A direct 
extraction method is further desirable 
in that the elapsed time is minimal. 
Once the problem of demulsification 
was solved, the possibility of a direct 
extraction method investigated. 
The difficulty of setting a fixed num- 
ber of extractions was evident. 
As the amount of grease extracted 
a method approaches closer and 
closer to the 100 per cent value, as is 
increasing the number of 
extractions or the extraction time, a 
radually increasing degree of preci- 
sion was anticipated. All results ob- 
tained by this laboratory revealed no 
improvement of the method precision 
with either increased extraction time or 
number of extractions. It is evident 
that in the development of a method 
for the determination of grease in 
sewage, the quantity of grease ex- 
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tracted must be a major consideration. 
Unless the amount of grease extracted 
can be interpreted as to the percentage 
it represents of the total grease in the 
sample, the method used has no value 
regardless of precision. 

To attempt an explanation of why 
an increase in the number of extrac- 
tions and/or extraction time does not 
result in an increase in precision, ex- 
traction curves were drawn of the 
data obtained on the direct extraction 
method. The shape of each of the 
five curves representing the progres- 
sive extraction of grease from five sew- 
ages from different sources differed 
greatly from one another. This is to 
be expected, inasmuch as each sewage 
contains grease of a different compo- 
sition with fractional components ex- 
tracted at different rates. 

There is no reason to believe that 
replicate samples would not show the 
same extraction curves. It is there- 
fore possible to obtain equal precision 
at any point in an extraction proced- 
ure. Because of the variable compo- 
sition of grease an extraction curve 
is never a straight line; therefore, it is 
impossible to say that a fixed and 
practicable number of direct extrac- 
tions removes a determinable percent- 
age of the total grease in all types of 
sewages. It is apparent from results 
7, 8, 9 and 12 in Table IIT that by 
setting a fixed number of extractions, 
the more difficultly soluble fractions of 
crease are not determined. 

The semi-wet method permits a 
greater number of extractions without 
the tedious manipulations of the direct 
extractions procedure. Results ob- 
tained by this laboratory using this 
method on a number of different sew- 
ages, as well as on standard grease, 
met favorably the criteria of quantity, 
reproducibility, ete. 

There is a possibility that the ma- 
terial extracted by the modified Sander- 
son procedure beyond that extracted 
from the replicate samples by the semi- 
wet method (of results 7, 8, 9, and 12 
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in Table III) represents non-grease. 
Time did not permit investigation of 
this possibility. Neither did time per- 
mit investigation of the possibility that 
the modified Sanderson method does 
not extract ‘‘100 per cent’’ grease in 
4 hr. of extraction time when difficultly 
soluble fractions are known to exist. 
Both of these methods were developed 
by this laboratory using four sewages, 
of different local origins, in which no 
difficultly soluble fractions were en- 
countered at any time. 

Results number 7, 8, 9, and 12 were 
omitted in the averaging in Table ITI 
on the premise that the semi-wet 
method is applicable only to sewage 
known not to contain difficultly soluble 
fractions. The comparable results 
with the modified Sanderson method 
were omitted in averaging for com- 
parison purposes. On a_ percentage 
basis, the means are 100 and 93.3 per 
cent for the modified Sanderson and 
the semi-wet methods, respectively, 
with standard deviations of 1.94 (2.32 
per cent) and 2.58 (3.54 per cent). 

The results of this study in general 
indicate that the modified Sanderson 
method is more accurate and precise 
than the semi-wet method. It is prob- 
able that in many examinations the 
advantage of time saved in use of 
the semi-wet method will outweigh the 
greater precision of the modified San- 
derson procedure. 


Summary 

An investigation was made of the 
standard method, the Eliassen-Schul- 
hoff, the Gehm, and the Sanderson 
methods for the determination of 
grease in sewage. The elapsed time 
required by each was objectionable 
from the point of view of its acceptance 
as a routine laboratory procedure. 

A study of the Sanderson method 
resulted in the evolution of the modi- 
fied Sanderson procedure, which has 
an elapsed time of 6 hr., personnel time 
of 114 hr. and satisfactory precision. 

From a study of the direct extrac- 
tion method, the difficulty of limiting 
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the number of extractions to a practi- 
cable degree became evident. 

A semi-wet extraction method was 
developed, which from the results 
meets all the criteria listed in the con- 
clusions. It requires an elapsed time 
of 2 hr., personnel time of 11% hr., and 
has a satisfactory precision with ten 
extractions removing a determinable 
percentage of the total grease. 

A standard grease (Crisco) was used 
to determine the precision of the semi- 
wet method and the modified Sanderson 
method of grease extraction. 

Six cooperating laboratories ran the 
semi-wet method and the modified San- 
derson method on both standard grease 
and natural sewages. Their results 
on standard grease compared favor- 
ably with results of this laboratory. 
Results on some of the natural sew- 
ages revealed that difficultly soluble 
fractions are not extracted by the semi- 
wet method. 


Conclusions 


1. A direct extraction method is im- 
practical because of the number of ex- 
tractions which appear necessary to 
remove a determinable percentage of 
total grease. 

2. The modified Sanderson method, 
according to the results of the au- 
thors and the cooperating laboratories, 
meets all the criteria listed at the be- 
ginning of this report. It has a pre- 
cision of s= + 1.57 on the basis of a 
50-mg. sample of standard grease and 
a recovery of 100.04 per cent. 

3. The semi-wet extraction method, 
according to the results, meets all the 
criteria listed at the beginning of this 
report. It has a precision of s = + 2.64 
on the basis of a 50-mg. sample of 
standard grease and a recovery of 
92.88 per cent. The elapsed time is 
one-third that of the modified Sander- 
son method; the personnel time is ap- 
proximately the same. 

4. A standard grease makes it pos- 
sible to determine the precision of an 
extraction method. Sampling error is 
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minimized and the accuracy of an op- 
erator’s technic is determinable. 

5. The semi-wet extraction method, 
according to results obtained by cer- 
tain cooperating laboratories, does not 
extract diffieultly soluble fractions. The 
semi-wet method is therefore limited in 
its applicability. The results other- 
wise agree with those obtained on 
standard grease as to quantity ex- 
tracted and reproducibility. 


Preparation of Standard 
Grease Sample 
1. Reagents 


Crisco. 
Filter paper, Whatman No. 40, 7 
em. 


Filter cell. 
Asbestos fiber medium. 
Hydrochloric acid, cone. 


. Procedure 


By means of a spatula place approxi- 
mately 100 mg. of Crisco in a lump on 
a piece of filter paper. Remove some 
of the Crisco or add to the lump of 
Crisco until the weight is very close 
to 100 mg. Wipe the spatula clean and 
spread the Crisco over the surface of 
the paper. Record the weight of the 
Crisco after spreading. Place the pa- 
per, grease side up, in a beaker of 
suitable size. Add 0.5 @. each of filter 
cell and asbestos fibers to the surface 
of the paper. Add 11. of water to the 
beaker, acidify with 3 ml. of concen- 
trated hydrochloric acid. Stir the mix- 
ture, but try to avoid wrapping the 
filter paper around the stirring rod. 
Proceed according to either the modi- 
fied Sanderson method or the semi-wet 
method. The percentage of grease re- 
covered using the modified Sanderson 
method should equal 98.2 + 3.08 per 
cent. The percentage of grease recov- 
ered using the semi-wet method should 
equal 93.9 + 3.56 per cent. 


Modified Sanderson Method 
1. Reagents 
Hydrochloric acid, cone. 
Petroleum ether, B. P. 35° to 54° C, 
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Filter paper, Whatman No. 40, 11 
em. 

Muslin cloth dise, 11 em. 

Filter cell suspension, 10 g. per 
liter distilled water. 


2. Procedure 


Collect a 1-l. sample of sewage in 
a wide-mouth bottle marked at the 
1-1. volume. Acidify to pH 1.0; gen- 
erally, 3 ml. of cone. HC1 is sufficient. 

In a 12-em. Buchner funnel prepare 
a filter consisting of a muslin cloth 
dise overlaid with filter paper. Filter 
with vacuum 100 ml. of filter cell sus- 
pension through the cloth and paper, 
wash with 1 1. of distilled water. Ap- 
ply vacuum until no more water 
passes the filter. 

Filter the acidified sample through 
the prepared filter. Apply vacuum 
until no more water passes the filter. 

Remove the filter paper to a watch 
glass by means of forceps. Add the 
material adhering to the edges of the 
muslin cloth disc. Wipe the sides and 
bottom of the collecting vessel, the 
stirring rod, and the Buchner funnel 
with bits of filter paper taking care 
to remove all films due to grease and 
to collect all solid material. Add the 
bits of filter paper to the filter paper 
on the watch glass. Roll the filter 
paper and bits of filter paper and fit 
them in a suitable extraction thimble. 
Add any small particles of material 
remaining on the watch glass. 

Dry the thimble with the filter pa- 
per in a hot-air oven at 103° C. for 
30 min. Close the thimble with small 
glass beads. Extract in a Soxhlet ap- 
paratus using petroleum ether at a 
rate of 20 cycles per hour for 4 hr. 
Time from the first eyele. 

Distill the ether from the extraction 
flask in water at 70° C. Dry by 
placing on a steam bath with vacuum 
applied for 15 min. 

Cool in desiccator 14 hr. and weigh. 


P.p.m. total grease = gain in weight of the flask in 
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Semi-Wet Extraction Method 
1. Reagents 


Hydrochloric acid, cone. 

Petroleum ether, B. P. 35° to 54° C. 

Filter paper, Whatman No. 40, 11 
em. 

Muslin cloth dise, 11 em. 

Filter cell suspension, 10 g. per 
liter distilled water. 


2. Procedure 


Collect a 1-1. sample of sewage in a 
wide-mouth bottle marked at the 1-1. 
volume. Acidify to pH 1.0; generally, 
3 ml. of conc. HC! is sufficient. 

In a 12-em. Buchner funnel prepare 
a filter consisting of a muslin cloth dise 
overlaid with filter paper. Filter with 
vacuum 100 ml. of filter cell suspension 
through the cloth and paper, wash 
with 1 1. of distilled water. Apply 
vacuum until no more water passes the 
filter. 

Remove the filter paper to a watch 
glass by means of forceps. Add the 
material adhering to the edges of the 
muslin cloth disc. Wipe the sides and 
bottom of the collecting vessel, the 
stirring rod, and the Buchner funnel 
with bits of filter paper taking care 
to remove all films due to grease and 
to collect all solid materials. Add the 
bits of filter paper to the filter paper 
on the watch glass. Roll the filter pa- 
per and bits of filter paper and place 
them in a 300-ml. Erlenmeyer flask. 

Add 25 ml. of petroleum ether to the 
flask. With the aid of a stirring rod 
of suitable length flattened at one end, 
stir the paper around in the solvent 
and occasionally squeeze the paper be- 
tween the stirring rod and the wall 
of the flask for a period of 1 min. 
Allow the material in the flask to settle 
momentarily, then pour the solvent into 
a 12-cm. funnel fitted with 11-em. 
Whatman No. 40 filter paper. The 
filter paper in the flask is used to hold 


X 1,000,000 
vol. sample in ml. 
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back the loose material in the flask 
in pouring by placing near the neck 
of the flask. Collect the solvent in a 
300-ml. distilling flask. 

Repeat the extraction procedure 9 
more times, collecting all the solvent 
in the one distilling flask. 

Wash the filter paper in the funnel 
with petroleum ether, using a glass 
rod to aid in dissolving grease on the 
paper by rubbing any visible grease 
residues while a stream of solvent is 
applied to the same spot. Add the 
washings to the contents in the flask. 


P.p.m. total grease = gain in weight of flask in 
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Distill the ether from the distilling 
flask in water at 70° C. to a volume 
of approximately 25 ml. Transfer to 
a smaller tared flask using a 6-em. 
glass funnel, no filter paper, to prevent 
any loss of material. Rinse the larger 
flask with two small portions of ether 
and add the rinsings to the tared flask. 

Distill the ether from the extraction 
flask in water at 70° C. Dry by plac- 
ing on a steam bath with vacuum ap- 
plied for 15 min. 

Cool in desiccator 14 hr. and weigh. 


X 1,000,000 


vol. sample in ml. 
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The 1950 census shows that the popu- 
lation growth of most cities, except 
those in the Far West and South, has 
been leveling off; but that the popula- 
tion of suburbs and rural areas has 
been increasing. This trend has con- 
tinued through 1951 and 1952. The 
more desirable property adjacent to 
water and sewer service is limited. 
making it necessary to utilize more dis- 
tant areas for developments. As a re- 
sult, many new homes have been built 
in fringe areas, and one-half of those 
built in recent years use individual 
sewage disposal systems (1). 

Land in the country is thought to 
be cheap, but the cost of constructing 
a private well and sewage disposal sys- 
tem; the lack of adequate fire, police, 
street cleaning, and refuse collection 
service; and the future need for con- 
structing new schools and possibly sani- 
tary facilities, are at first overlooked. 
In too many instances this fringe and 
rural housing construction has created 
major sanitary, planning, and social 
problems. 


Danger of Disease Transmission 


Studies have shown that most of the 
past water-borne disease outbreaks oc- 
curred in population groups of 1.000 
and under, and 1,000 to 5,000, or pre- 
dominantly in the suburban and rural 
communities (2). And although ty- 
phoid fever has been dramatically re- 
duced in the United States, it must 
never be forgotten that carriers of 
typhoid, as well as of amoebic dysen- 
tery, shigellosis, and the helminthic 
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infections, are still very much in ex- 
istence. When the sanitary disease 
barriers which have been instrumental 
in making possible increased life ex- 
pectancy are lowered or weakened, the 
stage is set for possible transmission 
of the filth-borne diseases. Certainly no 
one wants to go back to the days when 
typhoid fever, dysentery, and summer 
diarrhea were commonplace. Yet in 
many areas there is being created the 
very environment under which these 
diseases flourished. Streams are more 
polluted than they were 50 years ago. 
The U. S. Public Health Service re- 
ports that as of 1950, 6,500 municipal 
sewage treatment plants are needed to 
be built, expanded, or replaced, and 
another 3.500 are needed in industry. 
Sanitary sewage and waste disposal is 
far from being an accomplished fact. 


Poor Planning to Blame 


It is natural that insanitary condi- 
tions would tend to occur with greater 
frequency in those communities where 
the subdivision of land has been un- 
controlled and where planning and 
sanitation have been neglected or ig- 
nored. Many persons cannot seem to 
believe that there could still be heavily 
inhabited areas in the United States 
where the sanitary disposal of human 
excreta is still a major problem which 
remains unsolved. As a matter of fact, 
sanitation in fringe and rural areas 
is one of the most important engineer- 
ing activities now receiving greater 
attention by health departments, con- 
sultants, builders, and planning agen- 
cies throughout the country. 

Where a community or public water 
supply exists, the problems of sewage 
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disposal and drainage must still be 


solved. It would, of course, be ideal 
if community water and sewer systems 
both could be installed, but this is not 
always possible. In fact, it is fre- 
quently the that no adequate 
means are available for providing these 
facilities satisfactorily. Such difficulty 
may arise from any one or a combina- 
tion of several reasons. The terrain 
may be unfavorable; the soil may be 
poorly drained, tight, or rocky, pre- 
cluding satisfactory and economical 
use of septic tank leaching systems and 
increasing the cost of sewer, water line, 
or drainage construction. The rate of 
building may be scattered or so slow 
that immediate construction of water 
and sewerage facilities cannot be fi- 
nanced, particularly where a suitable 
receiving stream is not available. Lack 
of planning, with lots of inadequate 
size and poorly laid out, may make use 
of individual wells and disposal sys- 
tems dangerous (3). 


case 


Cooperative Effort Needed 


Under such circumstances, some con- 
trol is necessary to prevent community 
health hazards, odor 
property devaluation. Protection is 
available through the state public 
health laws, sanitary codes, and town 
or village law. But more than legal 
regulation is needed. Fringe and 
rural area sanitation is an aspect of 
healthful living, which, like the hous- 
ing problem in requires the 
combined talents of many private as 


nuisances, and 


cities, 


well as official agencies and individu- 
als to prevent insanitary conditions 
and promote good health. 

Those who can contribute to this 
goal are the developers and builders, 
consulting engineers and land sur- 
veyors, health department sanitary en- 
gineers, local officials, private lending 
institutions, Federal Housing Adminis- 
tration and Veterans Administration, 
planning and zoning boards, legisla- 
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tors and attorneys, and the home-buy- 
ing public. 

Developers and builders can sim- 
plify their sanitation problems by se- 
lecting land which is contiguous to 
communities already having water and 
sewer services, thereby making possible 
the economical extension of these utili- 
ties. If this is not possible, then the 
builder can construct a water system 
or sewers and treatment plant on a 
planned step-by-step construction basis 
with the cooperation of the health de- 
partment, as some are now doing. 

Consulting engineers are sometimes 
reluctant to take a subdivision job in- 
volving the design of individual or 
small central water supply and sewer 
systems. The time and effort needed 
to work out satisfactory plans may ap- 
pear to be too great for the fee that 
can be charged. Here, however, is 
where professional engineers can per- 
form a real publie service by wise ad- 
vice and sound design. Greater imagi- 
nation and initiative on the part of 
all engineers, contractors, and manu- 
facturers of sewage treatment equip- 
ment, in designing and producing less 
expensive and more effective sewage 
treatment devices for populations of 
50 to 500 or less than 1,000, is urgently 
needed. 

Local officials can encourage and di- 
rect development by sympathetic co- 
operation, through enforcement of 
planning or zoning ordinances, and by 
assisting in the formation of water and 
sewer districts, as is now being prac- 
ticed by many towns. The elimination 
of sectional jealousies, the formation 
of sanitary districts town 
lines, and annexation, if necessary, are 
additional In this connection, 
regional planning appears to offer a 
great deal of promise (4). Policy 
agreements can be made among con- 
tiguous cities, villages, and townships 
through a county planning commission 
or similar Development of 
certain lands could be encouraged by 
mutual agreement to extend more com- 


crossing 


aides. 


agency. 
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plete fire and police protection, sewers 
and water mains, snow plowing service, 
and refuse collection only to areas 
designated for development. The 
county real estate division can cooper- 
ate by making available for sale only 
land in these delineated areas. Devel- 
opers and builders would be required 
to do their part by agreeing to certain 
deed restrictions, improvements, and 
zoning, and also to share in the cost 
of constructing water and sewer lines. 
Participating communities would re- 
quire larger lots outside of areas with- 
out water and sewer lines and agree 
to the review of all subdivision plots 
by the coordinating agency. 

The Federal Housing Administra- 
tion, the Veterans Administration, and 
other lending institutions can require 
compliance with local sanitary code 
regulations and withhold payments 
where sanitary facilities do not meet 
the requirements, as is now being done. 
Attorneys can protect their clients’ in- 
terest and help them make sounder in- 
vestments if the existing or needed 
water supply and sewage disposal fa- 
cilities at a property are more thor- 
oughly investigated when making the 
title search before investment is recom- 
mended. 

County and state health department 
sanitary engineers have the responsi- 
bility to enforce the state public health 
laws and sanitary code. They should, 
and do, give assistance and guidance 
to the developer and his engineer, help 
interpret the intent of the laws, and 
make investigations of the property. 
Their recommendations concerning the 
supply of water, disposal of sewage, 
and drainage of surface water will ex- 
pedite the submission and approval of 
satisfactory subdivision plans. Mem- 
bers of these organizations also can per- 
form a great public service by promot- 
ing sanitation individually and through 
discussions at service clubs and _ pro- 
fessional and other community associa- 
tions. 
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Individual vs. Public Systems 


Public water supply and sewage dis- 
posal are recognized by all to be de- 
sirable and far better investments, 
where practicable, than are individual 
systems. There are situations, however, 
where this may have to be justified 
for reasons other than economy (5). 
It must be recognized, also, that there 
are places where individual solution, 
with a sewage disposal system and 
drilled well to serve each dwelling, is 
the only practical answer for the im- 
mediate future. After all, there is 
really nothing wrong with a properly 
designed, constructed, and maintained 
septic tank-leaching system. It can 
provide complete treatment of sewage 
for an extended period of time without 
any stream pollution until such time 
as sewers and treatment plant are 
needed and are economically feasible. 
However, private sewage disposal and 
individual well-water systems are be- 
yond the scope of this paper. 


Water Supply Methods 


Nevertheless, the methods used for 
providing a common water supply to 
serve a subdivision where a municipal 
supply is not available are outlined 
briefly, as this can also be a difficult 
problem. 

One of the simplest and safest sources 
of water is a properly constructed and 
protected drilled well yielding an ade- 
quate volume of satisfactory water. 
Another is a clean, protected lake sup- 
ply receiving chlorination treatment 
only. Frequently, however, local con- 
ditions do not permit the development 
of these relatively simple water 
sources. 

It then becomes necessary to con- 
sider more elaborate devices for the 
treatment of well or surface water 
supplies. Slow sand filtration with 
chlorination is highly recommended for 
the treatment of small water supplies 
and should receive greater considera- 
tion. Rapid sand filtration is advised 
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only where continuous and competent 
supervision can be assured. The de- 
sign of small distribution systems and 
elevated or hydropneumatic water stor- 
age tanks introduce special hydraulic 
problems, which frequently are not 
fully appreciated. Each of the water 
system types mentioned here has been 
constructed and is in operation at sub- 
divisions in New York State. The ac- 
ceptance of such new sources of water 
supply requires the prior approval of 
the State Health Department and the 
Water Power and Control Commission. 
The design of small water systems is 
a sadly neglected field. Information 
is only now becoming available in the 
literature (6)(7)(8). The same can 
be said with respect to small sewage 
treatment systems. 


Sewage Treatment Methods 


Centralized treatment of the sewage 
from a small community or subdivision 
has been a challenge to health depart- 


ment sanitary engineers, consulting 
engineers, and builders across the 
country. Some solutions are worth 


mentioning because they are repre- 
sentative of what can be accomplished 
and may thinking 
these lines. 

An Imhoff tank-trickling filter-irriga- 
tion lagoon treatment plant 
was constructed by an industrial firm 
to serve 300 persons at a housing loca- 
tion in a desert area of a Western state 
(9). An Imhoff tank-trickling filter- 
open sand filter bed plant was built by 
the developer to serve a 325-unit sub- 
division in Allegheny County, Pa., con- 
tributing 120,000 g.p.d. The treatment 
construction cost was $72,000, or ap- 
proximately $220 per dwelling; the an- 
nual service charge was $21 per year 


encourage alone 


sewage 


for the average one-family dwelling 
(10). 

In Jacksonville, Fla., two 
tank-gravel filter plants were con- 
structed by the builder to serve a 100- 
and a 200-dwelling development. Sew- 


septic 
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ers cost $110 and treatment $130 per 
house (11). A community of 350 
homes provided sewers and treatment 
for $867 per house. The cost of sewers 
was $150,000, a secondary treatment 
plant cost $147,000, and miscellaneous 
costs were $6,000 (12). 

In Portville, N. Y., a sewer system 
and Imhoff tank treatment plant was 
constructed to eliminate a health men- 
ace due to improper sewage disposal 
from 428 places. This project was 
financed by a direct assessment of $538 
per home and a $55,000 municipal 
bond issue, the permissible maximum 
(13). 

A system of sewers and a treatment 
plant consisting of septic tank, cov- 
ered sand filters, and chlorination is 
about 75 per cent completed to serve 
a proposed 46-home subdivision in the 
town of Boston, N. Y. The sewers and 
plant are being built by the developer 
at an estimated cost of $700 per home. 
A sewer district was formed by the 
town in order to legally levy a sewer 
tax on the benefiting residents for 
maintenance and operation of the sys- 
tem. Upon completion the sewers and 
plant will be turned over to the sewer 
district by the developer at no cost. 

Another developer, in the town of 
Hamburg, N. Y., has had formed a 
sewer district and has had approved 
plans of a similar system to serve 34 
homes. In another instance, in the 
town of North Collins, N. Y., the de- 
veloper has preliminary plans com- 
pleted for a 59-lot subdivision and is 
in the process of having a sewer district 
formed by the town. 

Of interest is a study of costs in 
New Zealand for treatment plants con- 
sisting of Imhoff tank with trickling 
filter and secondary settling tank (14). 
A plant to serve 50 persons was esti- 
mated to cost about £33 per capita; 
one for 100 persons was estimated to 
cost £23 per capita; for 200 persons, 
£171; per capita; and for 400 persons, 
£1214, per capita. In other words, the 
unit cost of a plant to serve 100 per- 
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sons was found to be about twice that 
of a plant to serve 400 persons. 

The cost per home for sewerage, in- 
cluding treatment, should be approxi- 
mately $700 to $900, depending upon 
the lot width, type of treatment re- 
quired, and prevailing construction 
costs. This cost can be materially re- 
duced if an experienced developer does 
his own work. 


Plant Selection Criteria 


It should be emphasized that the 
type of treatment plant constructed 
should not be determined only by the 
first cost. Equally important criteria 
are the operating costs, the dependa- 
bility of the treatment process, and the 
amount of attention needed. Also im- 
portant are good supervision during 
construction of the sewers; elimina- 
tion of excessive ground-water infiltra- 
tion; and positive omission of footing 
drains, roof leaders, and surface water 
from the sanitary sewer system. Fail- 
ure to do this will render the treatment 
plant useless through overloading and 
ruin an otherwise perfectly sound in- 
vestment. 

The construction of central sewer 
systems and treatment plants to serve 
small communities and new real estate 
subdivisions requires a complete un- 
derstanding of the economic as well as 
the sanitary engineering features in- 
volved. The existence of a health de- 
partment approved sewer system is a 
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powerful advertising advantage which 
developers and builders can use with 
profit to themselves and pur- 
chasers of homes. No one wants to live 
in sewage-polluted environment. 
The idea of providing central sanitary 
facilities is beginning to capture the 
imagination of developers, builders, 
engineers, and local officials. Certainly 
this difficult problem is well on the 
way to a satisfactory solution. 


Treatment Plant Financing 


The main obstacle to the construe- 
tion of a common sewage treatment 
works, particularly in an existing com- 
munity, is financing. This can be 
overcome in a new development by 
prorating the cost against each home, 
and in an existing community if the 
people involved are sincerely desirous 
of the improvement to the point of 
sacrificing some luxuries for this neces- 
sity. Regardless of whether commun- 
ity sewage treatment works or indi- 
vidual septic tank-leaching systems are 
installed, the health department, local 
officials, and builder are obligated to 
see that a nuisance or health hazard 
is not created. Everyone's assistance 
and active cooperation is needed to 
help prevent new insanitary condi- 
tions, as well as to correct old sewage 
overflows. Only in this way can a 
clean and healthful environment be 


maintained for the family and the com- 
munity. 
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During the spring of 1953 six one- 
day informal training sessions on sew- 


( age treatment plant operation and 
maintenance practices were held in 
Michigan. Planned cooperatively by 


the Education Committee of the Michi- 
gan Sewage and Industrial Wastes As- 
sociation and the Engineering Division 
of the Michigan Department of Health, 
the meetings were devoted exclusively 
to the subject of chlorination. 

All meetings were held at sewage 
treatment plants located within 1-hr. 
driving time for those invited. Care 
was exercised in plant selection to em- 
phasize particularly interesting fea- 
tures, good operation, sufficient space 
for the sessions, and the type of chlo- 
rine dispensing equipment generally 
used in the area. 

Letters of invitation were sent to 
each plant superintendent and his ad- 
ministrative superior in towns and in- 
dustries using chlorine in connection 
with waste treatment. Emphasis was 
placed on the practical nature of the 
meeting, particularly to the dismantling 
and reassembling ot the chlorine feed- 
ing equipment. Responsibility for lo- 
cal arrangements, such as meeting 
space and luncheon, was delegated to 
the host plant superintendent. 

Fundamental concepts of wastes 
chlorination, together with safe han- 
dling and emergency measures were 
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A group luncheon encour- 
aged further exchange of information 
and maintained the interest of those 
attending. To encourage informality, 
the group was divided into two units, 
one of which toured the treatment plant 
and discussed operational problems, 
while the second unit observed the dis- 
mantling and reassembly of a chlorin- 
ator by a service engineer. The two 
units then interchanged activities. A 
demonstration of sampling and re- 
sidual chlorine analysis was presented 
to the combined group as the final ac- 
tivity. The meetings generally ad- 
journed by 4:30 p.m. 

The meetings were exceptionally 
well-attended. Total attendance for 
the six meetings was 200, with a mini- 
mum of 26 and a maximum of 35. 

The informal and practical nature 
of the meetings in familiar surround- 
ings encouraged frequent and spirited 
discussions, often by individuals who 
have never participated in more for- 
mal training meetings. An indication 
of the success of these meetings is an 
increased interest in effective disinfec- 
tion. Several operators have volun- 
tarily begun to perform bacteriological 
analyses in addition to making in- 
creased numbers of chlorine residual 
determinations. Greater success has 
also been achieved in maintaining 
chlorine residuals. 
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RESEARCH ON ACTIVATED SLUDGE 


II. Experiments with Brush Aeration 


By A. PAsvEER 


Research Institute for Public Health Engineering, National Health Research Council, 
The Haque, Netherlands 


For an investigation of the possi- 
bility of improving the oxygenation 
of water in the course of a given proc- 
ess or in a given technical installation, 
there are two principal requirements 
to be fulfilled, as follows: 


1. It is necessary to arrive at the 
closest possible approximation of what 
takes place during the aeration proc- 
ess. 

2. A method must be available 
whereby it is possible to ascertain to 
what extent any change made has af- 
fected the rate of oxygenation. 


The investigation described here was 
carried out simultaneously with the 
further development of theoretical 
principles regarding the absorption of 
oxygen (1), so that there was a favor- 
able interaction between the theoreti- 
cal and the practical investigation. 

A method as referred to under item 
2 has been indicated by Kessener and 
Ribbius (2)(3)(4), who gave a clear 
exposition of its outstanding value as 
early as about 1930 and, on the strength 
of the experiments conducted and theo- 
retical principles developed at that 
time, laid the foundation on which the 
further study of the aeration of water 
could appropriately be based. They 
evolved the concept known as the ‘‘oxy- 
genation capacity’ of an aeration tank, 
by which is meant the rate of oxygena- 
tion under certain fixed conditions— 
that is, with entirely non-oxygenated 
distilled water at a temperature of 10° 
(. and a barometric pressure of 760 
mm., expressed in grams of oxygen per 
hour per cubie meter of aeration tank. 


By converting the rate of intake of 
oxygen as measured experimentally 
into the value ‘‘oxygenation capacity,” 
it is possible to make a comparison be- 
tween the measurements carried out at 
different times and under different con- 
ditions. 


Oxygenation Capacity of an 
Aeration System 


Kessener and Ribbius used for their 
calculations the formula of Adeney 
(9), which was then accepted as cor- 
rect. The method employed later 
herein for calculating the oxygenation 
capacity is in principle identical with 
that followed by these experimenters, 
the only difference being that no use 
was made of Adeney’s constant.”’ 

From Eqs. 5 and 6 (1) the following 
equation can be derived for the oxy- 
genation capacity of an aeration unit: 


= 25.9 tan a 
t 


Le Co 


Oxygenation cap. = 


c 
where tan a stands for log 
t; to — C1 


and the value of J is taken from 
t 
Table I. 


For the caleulation of these values 
use was made of the value k,, = 1.98 x 
10° sq. em. per sec. (8) and the rela- 
tionship = 1.45 k,, (calculated from 
Adeney’s observations), which may be 
formulated as k,, =1.038" k,,. 

Therefore, to ascertain the oxygena- 
tion capacity of an aeration system it 
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TABLE I.—Variation of Vkjo/k, with 


Temperature 

Temp | Temp Kio 
°C ec) | VE 
9 1.019 17 0.878 
10 1.000 18 0.861 
ll 0.982 19 0.845 
12 0.964 20 0.830 
13 0.946 21 O.815 
14 0.928 22 0.799 
15 0.911 23 0.784 
16 | 0.895 24 0.770 


is only necessary to determine tan a. 
If, at the value thus determined, the 
time is expressed in hours and the de- 
gree of concentration of the oxygen in 
grams per cubic meter, the oxygenation 
capacity will be expressed in grams 
per hour per cubic meter, or, in Eng- 
lish units, ounces per hour per 1,000 
cu. ft. 

The aeration tank whose oxygenation 
capacity is desired should be filled with 
water. From this water the oxygen 
is withdrawn by means of ferrous sul- 
fate and sodium hydroxide solution in 
slight excess. After mixing thoroughly 
there is carefully added an amount of 
air that the excess of ferrous sulfate 
is removed (one should make quite 
sure of this) and a small amount of 
oxygen (1 p.p.m., for instance) is 
present in the water. A sample of 
the water is then taken to determine 
its oxygen content and set the aera- 
tion mechanism in operation at time 0, 
after which samples are taken at regu- 
lar intervals for determination of the 
oxygen content. It is generally of 
importance also to measure the en- 
ergy expended by the aeration mecha- 
nism throughout the test. An example 
is given in Table ITI, from which it can 
be determined that tan a = 1.545 and 
be calculated: 


10 
Oxygenation cap. = 25.9 tan a Vi 
9.2 
= 40.6 g. per hr. per cu. m. 


= 40.6 oz. per hour per 1,000 cu. ft. 
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Rotating Brush Aeration Process 


Ribbius (5) defines the action of the 
rotating brush as being the result of 
four factors, as follows: 


1. The natural surface of the water 
ripples and surges. 

2. Drops of water are thrown into 
the air. 

3. Air bubbles are 
the mass of water. 

4. The agitation of the water pro- 
duces foam around the body of the 
brush, which foam may represent a 
large surface of water in a small space. 

The contribution made to the oxy- 
genation process by the rippling and 
surging of the surface of the waie: is 
slight. Calculations on the basis of 
various experiments have shown that 
this contribution can only be a very 
small percentage of the total oxygena- 
tion. 

The mass of the drops of water 
churned up is slight. This factor is 
certainly not of great importance. 

The amount of effect produced by 
the air bubbles which are carried along 
in the water cannot be determined ex- 
actly. The surface formation and sur- 
face renewal due to these air bubbles 
can only be slight as compared with 
the surface formation and surface re- 
newal in the foam mass. 

It may reasonably be assumed that 


introduced into 


TABLE II.—Example of Determination of 
Oxygenation Capacity; Immersion 
of Brush, 8 Cm. 


Time, 


0 9.2 3.19 8.43 
3 9.2 1.30 7.22 0.0673 
0 9.2 7.07 1.45 0.2775 
20 9.2 8.90 | 2.62 0.5075 
30 | 9.1 10.22 1.30 0.8119 
40 | 9.1 10.73 0.79 1.0282 
50 9.1 11.06 0.46 1.2631 
60 9.1 11.28 0.24 1.5456 
80 9.1 11.40 0.12 1.8467 
100 9.1 11.48 0.04 2.3238 
120 9.0 | 11.48 0.04 


2.3238 
150 9.0 | 11.52 


; 
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foaming in the immediate vicinity of 
the brush is responsible for most of 
the oxygenation that occurs. This is 
confirmed by determinations of the oxy- 
genation capacity in a tank of reduced 
size. The 26.5 cu. m. tank was first re- 
duced by means of preliminary gad- 
gets to a volume of about 9 and about 
3.5 cu. m., after which it was perma- 
nently reduced to a volume of 4 cu. m. 
(= 141 eu. ft.) (Figure 1). The re- 
sults of the oxygenation capacity de- 
terminations are summarized in Table 

In the foregoing experiments use was 
made of a brush 36 em. in diameter and 
having a speed of rotation of 146 r.p.m. 
(peripheral velocity = 2.4 m. per see.) 
This brush was now replaced by one 
of 42-cm. diameter with a speed of ro- 
tation of 114 r.p.m. (peripheral ve- 
locity = 2.5 m. per see.) Both brushes 
were of the type shown in Figure 2. 
In the 4-cu. m. tank equipped in this 
way, a series of determinations was 
made of the oxygenation capacity at 
different depths of immersion (Table 
IV and Figure 3). 

On comparing the available data 
of the 36-cm. brush (Table III, depth 
of immersion 8 em.) with the corre- 
sponding data of the 42-cm. brush 
(Table IV, depth of immersion 7 and 
9 em.), only a slight difference is found 
in the oxygenation capacity per net 
kilowatt-hour, the values being 1,870 g. 
and 1,950 g., respectively. 
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FIGURE 1.—Method of reducing vol- 
ume of aeration tank from 26.5 cu.m. (936 
cu.ft.) to 4 cu.m. (141 cuwft.). 


From Table IIT it is seen that the 
aeration of water in a small tank not 
only proceeds just as well as in a large 
one, but also that roughly 10 per cent 
per net kilowatt-hour more oxygen is 
absorbed by the water in the smaller 
than in the larger tank. This must be 
ascribed to the greater turbulence in 
the small tank. When the brush in 
the small tank is stopped the water in 
the tank is at once calm, whereas in the 
large tank the water continues to cir- 
culate for 15 to 20 min. after the brush 
is stopped. This shows that in the 
small tank the frictional resistance be- 
tween the water and the wall, but prob- 
ably still more between the individual 
particles of water and between the wa- 
ter and the air, is greater than in the 


| | 
Aeration Aeration | Oxygenation Capacity (g. hr.) Oxye. 
of Brush per 2-m. | ( 
(em.) (eu. ft) Brush | 
Gross Net (kw.-hr.) Per Per Tank | Per M 
| Cu. M.* Volume Brush 
8 | 936 26.5 1.525 | 1.260 0.630 | 40.6 | 1079.- 540 1708 
8 | 936 26.5 1.525 | 1.260 0.630 | 40.6 1079.- 540 1708 
8 | 327 9.25 1.500 | 1.235 0.620 | 119.3 | 1104.- 552 1781 
8 | 126 3.57 1.525 1.260 0.630 | 316.- | 1128.- 564 1790 
8 | 141 | 4.00 | 1.575 | 1.310 | 0.655 | 304.- | 1216- | 608 | 1856 
8 | 141 | 4.00 | 1.525 | 1.260 | 0.630 | 295.- 1180.- 590 1873 
| | | 


* Equivalent to ounces per hour per 1,000 cu. ft. 
+ Net. 
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FIGURE 2. 


large tank. In the case of the greater amount of friction between the water 


friction between the water and the air 
there is a more rapid renewal of sur- 
face, enabling the oxygen to enter more 
rapidly into solution. 


and the air (that is, the friction in the 
foam mass). To this end a baffle was 
fitted near the brush in such a position 
that a large portion of the air-and- 


water mixture emanating from the 
brush was compelled to alter its diree- 


This observation caused search for 
a means of further increasing the 


TABLE IV.—Oxygenation Capacities at Different Depths of Immersion of Brush 
Diameter brush, 42 em.; speed of rotation, 114 r.p.m. no baffle near brush; 
aeration tank volume, 4 cu. m. (= 141 cu. ft.) 


Expended Energy (kw.-hr 


Brush | Tank | 
| Motor | (kw.-hr.) | 
| | | | | 

5 3.73 0.900 67 0.603 | 0.151 1,815 

@ 3.84 1.150 71 0.817 0.204 207 398 1,951 
9 3.95 1.425 74 1.055 0.264 261 515 1,951 
10 4.00 1.450 74.5 1.080 0.270 266 532 1,970 
11 4.06 1.550 75 1.1638 0.291 269 O46 1,876 
ll 4.06 1.560 75 1.170 0.293 262 532 1,819 
113 4.09 1.650 75.3 1.242 0.311 270 DAS 1,762 
12 $4.12 1.740 75.5 1.314 0.329 306 632 1,921 
13 4.17 1.900 76 1.444 0.361 366 764 2,116 
14 4.23 | 2.050 76 1.558 0.390 391 827 2,121 


* Equivalent to ounces per hour per 1,000 cu. ft. 
t Net. 
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FIGURE 3.—Oxygenation capacities at various brush immersion depths. Brush diameter, 
42 cm.; speed of rotation, 114 r.p.m.; aeration tank volume, 4 cu.m.; no baffle near brush. 
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TABLE V.—Experimental Results for Baffle Angle (3) = 52° and Brush Immersion of 11 Cm.* 


Oxygenation Capacity 


Baffle Immersion, Q 


Energy Expended 


(em | 
g./hr./eu. m.)t (g. hr.’m. brush) g. ‘kw. ‘hr.)t 
0 364 738 2,460 0.300 
2 356 724 2,505 0.289 
5 367 745 2,483 0.300 
8 308 809 2,520 0.321 
* Distance near P (Figure 4) = 1 em. 
+ Equivalent to ounces per hour per 1,000 cu. ft. 
t Net. 
tion, a measure that may be expected Discussion 


to result in larger surface renewal. 
The optimum position proved to be 
that at which the baffle formed an angle 
of 52° with the surface of the water. 
With a smaller angle the baffle en- 
counters little resistance, and with a 
larger angle a large amount of water 
is carried along over the brush, which 
is also undesirable. 

In a series of determinations of the 
oxygenation capacity it was found that 
the intake of oxygen per net kilowatt- 
hour was increased by about 33 per 
cent, or from about 1,850 g. to 2,460 g. 
The depth of submergence of the baffle 
was found to be of minor importance 
(Table V and Figure 4). 

The baffle constructed in conjunetion 
with this brush for an immersion depth 
of 11 cm. does not give optimum re- 
sults at other immersion depths (Table 
Vi). 

Also in the large tank of the usual 
dimensions, the baffle has an advan- 
tageous effect on the intake of oxygen 
per net kilowatt-hour as shown by 


Table 


__WOODEN BAFFLE _ 


FIGURE 4.—Provisional baffle. 


Kessener and Ribbius (4) state: 


‘Starting from what experience has 
proved, viz., that a direct tackling of 
the problem—to get in a given case 
maximum purification capacity for 
minimum cost—involves great difficul- 
ties, the problem is split up into two 
more tractable sections by the introdue- 
tion of the conception oxygenation ca- 
pacity. Oxygenation claims this pre- 
dominant position in the scheme by 
virtue of its variability and definabil- 
ity, of its many technical possibilities 
and its great economic interest, but 
above all by virtue of the assumption, 
stated before, that purification capacity 
is to a large extent dependent upon it. 

‘“This assumption is, however, not 
generally accepted as an axiom. We 
have, mirabile dictu, not been able to 
find in literature any conclusive proof 
or disproof of it, and we have not yet 
been in a position to settle this point 
experimentally ourselves. The assump- 
tion is strongly supported by many 
authors, as illustrated by Adeney’s 
quotation : 

. the rate of solution of oxygen from the 
air at the exposed surface of the liquors, and 
the rate and mechanism by which the dissolved 
oxygen is thenee distributed through the un 
exposed portions of the liquors, are obvious 
by the controlling factors of the efficiency 
of the activated sludge process (6). 


And by the following of Streeter (7) 
referring to Adeney’s researches on 
oxygenation of water: 


7 


m : 

\ 
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TABLE VI.-—Effect of Brush 


RESEARCH ON ACTIVATED SLUDGE, II. 


| 


Brush Immersion | 


energy Expended* 


(em.) 


(g./hr./eu. m.) 


(kw -hr./m. brush) 


8 | 255 

il 398 

14 426 
* Net. 


The value of Dr. Adeney’s work ... ap- 
peared to the speaker to lie chiefly in the 
fact that in processes of biochemical oxida- 
tion of organic matter such as are involved 
in the natural purification of streams and in 
many artificial methods of sewage treatment 
(including that of activated sludge treatment ) 
the rate of atmospheric aeration is virtually 
the limiting factor determining the rate of 
purification attainable under a given condi- 
tion.’’ 


The position in regard to oxygena- 
tion as a limiting factor in the activated 
sludge process as set forth above can 
still be accepted as correct. 

The fact—as established in the fore- 
going research—that during aeration 
by the rotating brush method the proc- 
ess of oxygenation takes place almost 
entirely in the immediate vicinity of 
the brush, is also of importance in this 
connection. In the rotating brush sys- 
tem, oxygenation proceeds just as well 
in a tank of small volume (for example, 
2 cu. m. per meter of brush) as in a 
tank of the usual size (for example, 
13 cu. m. per meter of brush). In the 
small tank (with a baffle areund the 
brush, if desired), the rate of oxygena- 
tion, expressed in grams per hour per 
cubic meter, is actually 6 to 8 times as 
high as in the large tank. 


TABLE VII.—Effect of Baffle on Oxygenation Capacity 


With intensive brush aeration a 
value of 400 g. per hr. per cu. m. (= 
oz. per hr. per 1,000 cu. ft.) for the 
oxygenation capacity can thus be ob- 
tained, whereas in the aeration system 
used in practice this value is only 50 
to 80 g. per hr. per cu. m. (= oz. per 
hr. per 1,000 cu. ft.) at the utmost. 

At the present stage this is in the 
first place an important result for fur- 
ther research in the domain of the ac- 
tivated sludge process. It is now pos- 
sible to investigate whether, at such a 
high rate of oxygenation, this is still 
the limiting factor or whether other 
factors also act as a brake under these 
conditions. 

A report on an initial research in this 
direction is given in a subsequent paper 
of this series. 

Research has furthermore shown that 
the fitting of a baffle around the brush 
offers definite advantages (Figure 5). 
When fitting such a baffle around a 
brush in deep tanks of the usual size 
care must be taken that the baffle does 
not extend to too great a depth below 
the surface; this precaution is neces- 
sary to ensure that the horizontal cur- 
rent from the brush remains powerful 


Oxygenation Capacity | 


Brush Energy* 
f © 
(em.) | (g.hr. “eu. m.) (g./hr./m g. ‘kw.-hr.)* brush) 
| brush) 


| No | 51.7 | 685 1,756 0.390 

11 | Yes | 601 | 796 | 2,146 0.371 | 22 
9 No 40.9 542 2,007 0.270 
9 Yes 50.5 669 2,478 0.270 23 


Oxygenation Capacity 
| 
498 2,101 0.237 
809 2,520 0.321 
864 2,067 0.418 
3 
a 
7 
| 
; 
| 
== 
: 
Net. 
: 
4 
: 
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FIGURE 5.—Ultimate baffle. 


and that good circulation is main- 
tained in the tank to prevent the sludge 
from being deposited on the bottom. 

In addition to the advantage that 25 
per cent more oxygen is introduced 
into the water per kilowatt-hour, 
such a baffle offers the incidental ad- 
vantages that no drops of water are 
thrown into the air by the brush (less 
risk of contamination for the environ- 
ment) and that any trouble due to ice 
formation on or around the brush is 
avoided. 
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Conclusions 


1. The concept of oxygenation ca- 
pacity as evolved by Kessener and Rib- 
bius is of great importance for the de- 
velopment of aeration technique. It 
ean be ascertained in a simple man- 
ner. 

2. It is found with the rotating brush 
system that the process of aeration 
takes place entirely in the immediate 
vicinity of the brush, and that areation 
proceeds more rapidly in a small tank 
or gutter than in a large tank, owing 
to the greater turbulence set up in the 
small tank. 

3. A baffle fitted near the brush, caus- 
ing the foam mass to alter its direction, 
results in 25 to 33 per cent more oxy- 
gen being taken into solution per net 
kilowatt-hour. 

4. The high oxygenation values at- 
tained—up to 400 g. per hr. per cu. m. 
(= 400 oz. per hr. per 1,000 eu. ft.), 
or 6 to 10 times as high as in standard 
aeration systems in practical use— 
open up interesting possibilities for 
further study of the activated sludge 
process. 
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QUALITATIVE SPOT TEST FOR SULFIDES 


By P. K. MuELLER AND M. C. Ranp 


Rutgers University, New Brunswick, N. J. 


Sulfides are frequently routinely 
analyzed in river surveys and in other 
problems pertaining to water, sewage, 
and industrial wastes. Many of the 
samples to be analyzed often show up 
negative by the quantitative Standard 
Method (1) of sulfide determination. 
For these samples much valuable time 
could be saved if the laborious manipu- 
lations of the quantitative determina- 
tion could be replaced by a sensitive 
and specific qualitative test for sulfides. 

Attention is drawn to Raschig’s 
azide-iodine reaction (2), developed as 
a spot test for sulfides by Feigl (3) (4). 
After a thorough investigation of the 
various procedures for carrying out 
the test, the following was found to be 
most suitable from the standpoint of 
sensitivity and simplicity. 

About 1 ml. of the sample is placed 
in a watch glass on a dark background. 
About 1 ml. of 30 per cent sodium 
azide and about 1 ml. of 0.1 N I, are 
added. Bubbles of nitrogen gas will 
form on the surface of the glass within 
2 to 5 min. if sulfides are present. 

Using standard sulfide solutions, 
concentrations of 0.1 p.p.m. and less 
have been easily detected. In a river 
survey involving more than 100 sulfide 
determinations, no sulfides were de- 
tected by the standard method when 
none were detected by the test under 


discussion. Due to the greater sensi- 
tivity of the qualitative method there 
were a few samples in which sulfides 
were detected by the azide-iodine re- 
action, but not by the quantitative 
method. 

Sulfates, sulfites, and elemental sul- 
fur do not interfere, but thiosulfates 
and thiocyanates give a positive reac- 
tion (3) (4). 

The test is readily applied in the 
field. This fact enhances its value 
from the standpoint of collecting and 
preserving the sample for later analy- 
sis in the laboratory. Production and 
destruction of sulfides may be stopped 
by addition of 30 p.p.m. mercuric chlo- 
ride to the sample, without interference 
in their subsequent determination. 

The described test has been used ex- 
tensively by the authors and has re- 
sulted in the elimination of the 
time consuming standard quantitative 
method on samples which give a nega- 
tive reaction by this qualitative test. 
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BACTERIOLOGICAL STUDIES OF SLUDGE 
DIGESTION 


III. Effect of Different Quantities of Streptococcus diploidus 
on Sludge Digestion 


3y C. E. Keerer, T. C. Buck, Jr., AND Hester Hatcu 


Respectively, Deputy Sewerage Engineer, 


Bureau of Sewers; Assistant Director, 


Bureau of Laboratories, Baltimore City Health Department; and 
Senior Bacteriologist, Bureau of Sewers, Baltimore, Md. 


Studies involving the inoculation of 
raw sewage sludge with Streptococcus 
diploidus, the biochemical, morpho- 
logical, and physiological characteris- 
tics of which have been previously de- 
scribed (1), indicated that digestion 
was most rapid at pH 7.6 (2). Further 
studies have been made as herein re- 
ported to determine to what extent 
this organism is responsible for the 
gasification and liquefaction of sewage 
sludge solids. The effect of the amount 
of this organism added to raw sludge 
on the volume of gas produced and the 
degree of solids reduction was also 
studied. Several series of experiments 
were conducted in conjunction with 
the foregoing problem. Two of these, 
which are typical, are described 
herein. 


First Series of Experiments 
The raw and the digested sludges 
used in this series of experiments were 
obtained at the Reed Bird Avenue 
sewage treatment plant. This plant 
(3), which is situated in the southern 
part of Baltimore, serves approxi- 
mately 6,000 people and is provided 
with a bar screen, a settling tank, and 
a heated sludge digester. The sludge 
from this plant was used because the 
sewage was entirely free of industrial 

wastes and their inimical effects. 
The sludge was thoroughly mixed 
and put into four 4-]. Woulff bottles. 
The sludge in the first bottle was seeded 


with 1.7 ml. of a washed and concen- 
trated suspension of S. diploidus, and 
that in the second bottle with 24 ml. 
of the same organism. The sludge in 
the third bottle was sterilized and 
seeded with 24 ml. of the organism. 
The quantity of sludge in each bottle 
was 1,000 ml. 

The percentages of dry solids and 
volatile matter in the sludges are given 
in Table I. The contents of the fourth 
bottle, which served as a control, con- 
tained 600 ml. of fresh sludge and 350 
ml. of digested material. The analy- 
ses of the raw and the digested sludges 
in the fourth bottle are indicated in 
Table II. The ratio of dry volatile 
solids in the fresh sludge to the dry 
volatile solids in the digested material 
was 2.03. 

The bottles were incubated at 35° + 
0.5° C. The pH of the raw sludges in 
the three bottles inoculated with S. 
diploidus was maintained at 7.6, and 
the pH of the mixture of raw and di- 
gested sludges in the fourth bottle was 
kept at 6.8. Concentrated hydrochloric 
acid and a solution of calcium hydrox- 
ide were used to maintain the desired 
pH value. The gas generated by the 
sludges was collected in 5-gal. carboys, 
which contained a displacement solu- 
tion (4) especially adapted where 
gases containing CO, are collected and 
measured. Gas measurements were 
corrected to °C and 760 mm. of mer- 
cury. Samples of the sludge were ob- 
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TABLE I.—Reduction of Solids and Volatile Matter in Sludge Seeded with S. diploidus 


Raw Sates Raw Sludge Steril. = Sludge 
Plus Control! 
Dig. 1.7 Ml. dipl. 24 MI. S. dipl. 24 Mie dipl 
Time 
(days) 
Volatile? Solids 2 Solids | Solids Vv 
%) (%) (%) (%) (%) | (%) %) 
, 0 74 | 557 | 72 | 556 | 76 | 585 | 94 43.1 
5 7.3 | 554 | 70 | 549 | 7. | 57.6 9.3 42.7 
7 72 | 550 | 69 | 54.7 7.2 57.0 9.2 41.7 
u | 7o | 539 | 66 | 541 71 568 | 89 40.0 
4 | 66 | sit | 65 | 535 7.0 56.6 8.9 36.8 
19 | 62 | 498 | 64 | 530 | 69 55.4 8.4 36.2 
27 5.1 | 414 | 58 | 503 6.7 53.7 76 | 348 
31 | 520 403 | 53 | 414 6.4 51.7 72 | 344 
3 | 49 | 401 | 50 | 403 6.2 48.8 7.0 33.6 


! 2.03 parts by weight of raw dry volatile solids to 1 part of digested dry volatile solids. 
2 Dry solids basis. 


tained at regular intervals and ana- trol. However, the rate from the 
lyzed. Furthermore, the color, the former speeded up and was at a maxi- 
odor, and the physical characteristics mum from the sixteenth to the twenty- 
of the material were noted. third day, with a peak production of 
oe 56.2 ml. per gram of dry fresh vola- 
Results Obtained tile solids on the nineteenth day. Af- 
The results of the experiments are ter the twenty-second day the volume 
summarized in Figure 1 and Table I. of gas produced by the sludge inocu- 
Figure 1 indicates that the rate of gas lated with 1.7 ml. of S. diploidus ex- 
production of the control was greatest ceeded the volume of gas produced by 
between the seventh and the twelfth the control. At the end of 35 days 
day, with a maximum of 55.8 ml. per the former had produced 560.3 ml. of 
gram of dry fresh volatile solids on gas per gram of dry fresh volatile 
the tenth day. By the twenty-third solids and the latter had produced 
day 397.5 ml. of gas had been pro- 441.2 ml., or 27 per cent more. 


duced, which amount is approximately The bottle inoculated with 24 ml. of 
90 per cent of the ultimate gas pro- 8S. diploidus produced 124.5 ml. of gas 
duction after a 35-day period. per gram of dry fresh volatile solids 


The rate of gas produced by the at the end of 31 days, or approximately 
sludge inoculated with 1.7 ml. of S. 22 per cent of that produced by the 
diploidus during the first 10 days of | sludge inoculated with 1.7 ml. of this 

. digestion was much less than the rate organism. The greatest rate of pro- 
during the same period from the con- duction was 12.5 ml. per gram of dry 


TABLE II. and of and Used in Control 


1 
| | 


| Dry Solids 


Weight Moisture pH Volatile 
(%) Total 
(g.) Weight Dry Sol 
(g.) Basis (%) 
Undigested sludge 600 91.9 53 | 48.6 29.31 60.3 
Digested sludge 350 87.0 7.0 45.5 14.42 31.7 


Ratio, undig. to dig. | 1.71 | — 1.07 2.03 
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FIGURE 1.—Gas production from sludge inoculated with S. diploidus. 


fresh volatile solids 
eighth day. 

No gas was produced wien the or- 
ganism was added to the sterilized raw 
sludge. 

Table I gives the percentage of sol- 
ids and volatile matter in all four of 
the sludges during the experiment. 
The percentage of volatile matter in 
the sludge inoculated with 1.7 ml. of 
S. diploidus decreased from 55.7 to 40.1 
per cent during a 35-day digestion pe- 
riod. There was a corresponding de- 
crease in solids from 7.4 to 4.9 per cent. 
The greatest decrease in volatile mat- 
ter was during the 8-day period from 
the nineteenth to the twenty-seventh 
day, when the volatile matter decreased 
from 49.8 to 41.4 per cent. During 
this period the rate of gas production 
was in general at a maximum. 

Although the sludge in the bottle 
to which 24 ml. of S. diploidus was 
added produced much less gas than 
the bottle containing 1.7 ml. of this 
organism, the reduction in the per- 
centage of solids and volatile matter 


on the twenty- 


in the former bottle compares favor- 
ably with the reduction in the latter 
bottle. During the 35-day digestion 
period the solids decreased from 7.2 
to 5.0 per cent and the volatile matter 
decreased from 55.6 to 40.3 per cent. 
The most rapid decrease in volatile 
matter was from the twenty-seventh to 
the thirty-first day. 

There was a considerable reduction 
in the percentage of solids and volatile 
matter in the raw sludge that was 
sterilized and then inoculated with S. 
diploidus. The reduction in solids and 
volatile matter was from 7.6 to 6.2 per 
cent and from 58.5 to 48.8 per cent, 
respectively. 


Discussion 


The action of S. diploidus on the 
sterilized sludge indicated that it was 
not a gasifier, but that it was a liquifier. 
If the reductions in volatile matter in 
the three bottles inoculated with the 
organism are compared, the reduction 
in the sterilized sludge caused by the 
organism alone was approximately 70 
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per cent of the reduction in either of 
the sludges in the other two bottles. 
It would seem, therefore, that this 
organism was instrumental to a con- 
siderable degree in the destruction of 
the volatile material in the sludge. 

The inoculation of S. diploidus was 
approximately 14 times greater in one 
of the unsterilized sludges than in the 
other. This difference in the amount 
of inoculum made no difference in the 
reduction of volatile solids by the end 
of the 35-day digestion period. If 
anything, the results were somewhat 
better with the use of a_ smaller 
amount of inoculum. For example, on 
the twenty-seventh day the sludge to 
which 1.7 ml. of the organism had been 
added had a volatile solid content of 
41.4 per cent on the dry solids basis, 
whereas the sludge to which 24 ml. 
had been added had a volatile solid 
content of 50.3 per cent. 

There was a marked difference in 
the gas produced by the two unsteri- 
lized raw sludges, one inoculated with 
1.7 ml. and the other with 24 ml. of 
the organism. The sludge receiving 
the smaller quantity of inoculum gen- 
erated the larger volume of gas. When 
it is remembered that the organism 
failed to produce gas in the sterilized 
raw sludge, it is apparent that it was 
not directly responsible for the gas 
evolved from the two sludges under 
consideration. Until further studies 
are made, it is believed that S. diploidus 
acts in synergism with the organisms 
which are responsible for the gas pro- 
duced. It is possible that these gas 
producers were in such small numbers 
in the raw sludge to which 24 ml. of 
S. diploidus was added that the volume 
of gas evolved was relatively small. 
Irrespective of the small volume of 
gas produced from the sludge in ques- 
tion, the destruction of the volatile 
matter by S. diploidus and by the bac- 
terial flora in the raw sludge was as 
great as that both in the sludge with 
the high gas production and also in 
the sludge which served as the control. 
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Second Series of Experiments 


As a supplement to the first series 
of experiments a second series was 
conducted to determine more fully the 
relationship between the amount of XN. 
diploidus added to raw sludge and the 
extent to which the material decom- 
poses. A sample of fresh raw sludge 
was obtained from one of the primary 
settling tanks at the Back River sew- 
age treatment works serving Baltimore, 
Md. The sludge was thoroughly mixed 
and divided into nine 3,000-ml. por- 
tions. Each portion was put into a 
4-1. Woulff bottle. Inocula of 3, 6, 12, 
18, 24, 30, 36, and 42 ml. of a concen- 
trated suspension of S. diploidus were 
added to eight of the bottles. The re- 
maining bottle, which served as a con- 
trol, was not inoculated. All of the 
bottles were incubated at 35° + 0.5° C. 
The pH values of the inoculated bot- 
tles were maintained at 7.6. The pH 
of uninoculated sludge was not ad- 
justed. In general, the same procedure 
was followed in conducting the ex- 
periments in the second series of tests 
as in the first series. 


Results Obtained 


The results obtained are given in 
Table III and Figure 2. Table III 
indicates the percentages of solids and 
volatile in each 


matter of the nine 
bottles during the 45-day digestion 
period. As was to be expected, there 


was little change in the solid and vola- 
tile matter content in the unseeded raw 
sludge, which served as a_ control. 
During the period mentioned, the re- 
duction in the percentage of solids and 
volatile matter was from 3.8 to 3.5 per 
cent and from 70.6 to 66.2 per cent, 
respectively. 

The volatile matter in the raw in- 
oculated sludge in the eight bottles 
varied from 69.7 to 73.0 per cent at 
the beginning of the experiment and 
from 54.6 to 58.5 per cent after 45 
days of digestion. The lighter inocula- 
tions of S. diploidus, ranging from 
3 to 18 ml., resulted in a slightly lower 
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FIGURE 2.—Gas produced from raw sludge inoculated with 3 to 42 ml. of concentrated 
suspension of S. diploidus. 


concentration of volatile solids (54.6 
to 55.1 per cent) at the end of 45 days 
than was the case with the heavier in- 
oculations of 24 to 42 ml., which re- 
sulted in a volatile solids concentra- 
tion of 56.8 to 58.5 per cent at the 
end of the same digestion period. 


The gas production at the end of 
45 days varied from 286 to 624 ml. per 
gram of dry fresh volatile solids and 
the gas produced by the unseeded raw 
sludge, which served as the control, 
amounted to 71 ml. per gram. These 
results indicate that S. diploidus when 
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TABLE IV.—Percentage of CH, 
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in Gas Produced by Raw Sludge Inoculated with S. diploidus ' 


24 Mi 30 Mi 


Dig. Time 3 MI 6 MI 18 Ml 36 Ml 2 Mi 
(days) Seed Seed Seed Seed Seed Seed Seed Seed 
13 64.2 66.0 69.6 63.6 42.9 67.0 64.6 | 64.6 
24 — 73.9 73.6 62.5 70.4 73.1 | 70.5 
31 73.2 75.0 75.9 75.2 75.4 73.1 74.9 75.0 
41 74.6 74.4 69.6 74.8 76.0 73.6 74.0 | 74.0 
45 73.6 | | 74.9 74.1 wae 
1 Most of the remaining component in the sludge gas was COs. 
used in any of the previously men- the digestion process was approxi- 


tioned amounts greatly stimulated gas 
production. There was no relationship 
between the amount of the inoculation 
and the volume of gas produced. For 
example, a 3-ml. suspension of the or- 
ganism produced 540.5 ml. of gas per 
eram of dry fresh volatile solids and 
42 ml. produced 363.1 ml. 

Several analyses were made of the 
gas produced by the inoculated sludges. 
With a few exceptions the gas con- 
tained more than 65 per cent methane 
(Table IV), with a maximum of 76.6 
per cent. Even though there was a 
wide variation in the amount of S. 
diploidus added to the sludges, there 
was a comparatively small variation in 
the percentage of methane in the gas. 

During both series of tests the color 
and the odor of the sludge inoculated 
with varying amounts of S. diploidus 
were observed. In every instance the 
odor was appreciably less and the 
sludge was considerably darker within 
about one week after beginning the 
tests. Although these two methods of 
judging the degree of digestion are 
far from exact, they did indicate that 
decomposition was in progress during 
the early stages of the tests. 


Conclusions 


It seems warranted to make the fol- 
lowing conclusions as a result of the 
investigations described in this paper: 


1. S. diploidus is capable of digest- 
ing the volatile matter in raw sewage 
sludge. As judged by the reduction 
in volatile solids in sterilized sludge, 


that where un- 
was inoculated 


mately 70 per cent of 
sterilized raw sludge 
with the organism. 

2. This organism did not gasify sew- 
age sludge which had been sterilized. 
However, when added to unsterilized 
raw sludge, considerable was 
evolved. It is believed that S. diploidus 
functions in synergism with other or- 
vanisms, some of which are responsible 
for the production of carbon dioxide 
and methane. 

3. There was no relationship between 
the volume of gas produced and the 
amount of S. diploidus added to the 
sludge. It is possible that the varia- 
tions in the volumes of gas produced 
may have been due to the difference 
in the original concentration of gas- 
forming organisms in the raw sludge. 

4. The percentage of methane in the 


ras 
vas 


vas, in general, varied from 65 to 75 
per cent. This percentage conforms 


to the methane content of sludge gas 
produced under normal conditions. 

). It is too soon to predict the role 
played by S. diploidus in sludge diges- 
tion when compared with the many 
other organisms in sludge. From the 
studies made to date it is believed that 
it of considerable significance in 
liquefying the organic matter in sew- 
age sludge and in stimulating the ac- 
tivity of other organisms that are re- 
sponsible for the gasification of sludge 
solids. 

6. S. diploidus when added to raw 
sludge, which was maintained at 35° 
(. and at a pH value of 7.6, digested 
the material in 30 to 45 days. 
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1953 SEWAGE FACILITIES INVENTORY 


In a recently published “Inventory of 
Sewage Disposal Facilities,” Engineering 
News-Record * presented a 1953 version of 
its sanitary works survey series and pro- 
jected its contract and backlog statistics to 
give a prediction of things to come in the 
sewage works field. Data for the survey of 
existing facilities were furnished by officials 
of state agencies concerned with sanitary 
engineering. 

In general, the postwar boom in sewage 
works construction has meant that since the 
last such survey, in 1945,+ 10 per cent more 
people are served by sanitary sewers, 22 per 
cent more people are served by sewage 
treatment plants, 14 per cent more places 
are served by public water supplies, and 
30 per cent more places are served by 
sewage treatment plants. During the 1945- 
53 period dollar volume of sewage works 
contracts has averaged increases of about 
30 per cent per year, despite the effect of 
the Korean war. 

Despite this impressive progress in an 
8-year period, there is still a huge backlog 
of proposed projects, amounting to some 
$2,900,000,000 worth. This is nearly $1,- 
000,000,000 worth more than was contracted 
for in the 1945-53 period now surveyed. 


* Engineering 151, 16, 37 
(Oct. 15, 1953). 

+t Engineering News-Record, 187, 20, 
(Nov. 14, 1946). 


News-Record, 


112 


Moreover, although some $400,000,000 worth 
of sewage works are expected to be con- 
tracted tor in 1953, a nearly equal amount 
was added to the backlog in only the first 
eight months. 

Trends in sewage treatment practice since 
1945 may be partially summarized from a 
comparison of the current survey and the 
last previous one, as follows: 

A diminishing proportion of existing 
plants provides only primary treatment; a 
slowly mounting pereentage affords com- 
plete, secondary treatment. About 50 per 
cent more communities chlorinate effluent 
now than did in 1945. There are 15 per 
cent more Imhoff tanks now, but their rate 
of growth is diminishing. There are 26 per 
cent more trickling filters than there were 
eight years ago, and more than 25 per cent 
of the existing ones are of the high-rate 
type. Separate sludge digestion has in- 
creased almost 50 per cent. Sewage lagoon- 
ing is coming into its own. There are 42 
per cent more activated sludge plants. 

New sewage works business was signed 
up by 670 contractors in 1952. This in- 
cluded 991 projects with a total estimated 
cost of $258,000,000. Meanwhile, 432 con- 
sulting engineers took on 1,161 sewage 
works projects totaling $583,000,000. These 
totals are from those reported to Engineer- 
ing News-Record by contractors and con- 
sultants having more than $100,000 worth 
of new work in 1952. 
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Industrial Wastes 


ACTIVATED SLUDGE TREATMENT OF RADIOACTIVE 
LAUNDRY WASTE 


By Leo M. Reaping, Everett R. Matuews, C. W. CHRISTENSON 
AND J. F. NEWELL 


U. S. Atomic Energy Commission, Los Alamos, N. M. 


Previous studies (1) on the biologi- 
cal treatment of radioactive laundry 
wastes contaminated with plutonium 
have shown that when these wastes are 
applied to a trickling filter with a high 
recirculation ratio 80 to 90 per cent 
of the plutonium is removed. Later 
studies (2) on laundry waste contami- 
nated with mixed fission products and 
diluted 1:9 with sanitary sewage in- 
dicated similar removals. 

Inasmuch as the organisms respon- 
sible for the effectiveness of activated 
sludge treatment are similar to those 
found in trickling filter slimes and 
growths, it seemed likely that the acti- 
vated sludge process would function 
equally as well. Newell (3) and Ruch- 
hoft (4) have suggested tthe use of 
activated sludge treatment in the re- 
moval of activity from certain indus- 
trial wastes. In the sewage treatment 
field, activated sludge gives slightly 
better removal of organic matter than 
the trickling filter. Therefore, the use 
of activated sludge treatment seemed 
to offer considerable promise, except 
for the fact that there is definite likeli- 
hood of excessive frothing in the mixed 
liquor. This tendency to froth is ae- 
centuated in laundry wastes because of 
the large amounts of detergents or 
soaps used in the washing process. In 
previous studies on treatment of 
laundry wastes by trickling filters there 
was a considerable accumulation of 
froth where the filter effluent entered 


the final settling tank. Apparently the 
suds were due to detergents. Usually 
soaps are removed or converted to non- 
frothing complexes before reaching the 
filter effluent. Unusual concentrations 
of detergents have been reported (5) (6) 
to have caused frothing difficulties in 
sewage treatment plants. Although oe- 
casional difficulties of this type can be 
controlled by anti-foaming agents, the 
continuous application of these agents 
to sewage containing a high percentage 
of laundry waste would not be practi- 
cal. 


The Problem 


At new AEC installations, as well 
as at some established projects, the 
problem of what to do with compara- 
tively small volumes of radioactive 
laundry waste often confronts the de- 
signing engineers. These wastes usu- 
ally contain a rather low concentration 
of radioactive materials, so that treat- 
ment providing 80 to 90 per cent re- 
moval is adequate. As noted pre- 
viously, treatment on trickling filters 
ordinarily will accomplish re- 
moval. The capital investment in an 
activated sludge plant is considerably 
less than that of a trickling filter plant 
and it might be expected that higher 


removals could be obtained. Although 
operating expenses are generally 


higher for the activated sludge plant 
than for a trickling filter plant, and 
more exacting control is required for 
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best operation, it is conceivable that 
lower construction costs would make 
the activated sludge process more at- 
tractive in some instances. For this 
reason it was decided to investigate the 
various problems involved in the use 
of activated sludge treatment of the 
wastes. 

From a cost standpoint the possibility 
of treating both laundry waste and 
sanitary sewage in the same plant ap- 
pears inviting. The combined treat- 
ment plant would need be only slightly 
larger than a plant for treating sani- 
tary sewage alone, and by diluting the 
laundry waste with sanitary sewage 
the concentration of detergents or 
soaps would be greatly decreased so 
that sudsing might not be a problem. 
Unfortunately, some problems con- 
nected with the disposal of radioactive 
sludge would be increased, as a greater 
amount of contaminated sludge would 
require disposal under these conditions. 


Objectives of the Study 


Because of these several questions 
regarding the use of activated sludge 
treatment on laundry wastes, it was 
evident that considerable investiga- 
tional work was needed before a sound 
opinion could be given on the best 
process for a particular installation. 
Therefore, the present study was initi- 
ated to provide information on the fol- 
lowing points: 


1. To determine whether activated 
sludge treatment would give satisfac- 
tory results on a mixture of laundry 
waste and sanitary sewage when a 
high suspended solids content of 
mixed liquor is used. 

2. To provide information on the 
process when a low suspended solids 
content is carried in the mixed liquor. 

3. To determine to what extent the 
activity accumulates in the aoogleal 
sludge. 

4. To determine whether digester 
supernatant can be returned to the 
aeration basin without upsetting the 
process. 
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The dilution ratio of 15 per cent 
laundry waste and 85 per cent sewage 
was chosen because this particular 
ratio was estimated for an AEC in- 


stallation where design data were 
needed. Prior to the start of the 


study the Los Alamos contaminated 
clothing laundry had started the prac- 
tice of using only soap for a softener 
and cleansing aid, rather than a mix- 
ture of soap and synthetic detergent 
as had been the previous practice. 
This was done because soaps are more 
susceptible to biological oxidation than 
synthetic detergents and_ therefore 
would be more completely removed in 
any biological waste treatment process. 
Furthermore, soaps give less trouble 
from frothing and the clothing is de- 
contaminated as well with soap as with 
the combination of soap and detergent. 
In this connection it should be men- 
tioned that the Los Alamos water sup- 
ply is naturally soft and there are only 
small quantities of calicum and mag- 
nesium precipitates. 


Laboratory Studies 


The sewage used for these experi- 
ments was collected from an 8-in. sewer 
carrying only domestic sewage and was 
strained through four layers of cheese 
cloth to simulate a 2-hr. settling period. 
The sewage was fresh at the time of 
collection. 

The laundry waste used consisted of 
a composite sample from the discharge 
of the industrial laundry collected over 
a 6-hr. operating period. 


Apparatus 


The activated sludge studies were 
all carried out in 20-1. wide-mouth py- 
rex bottles with the liquid level main- 
tained at the 16-1. mark. Air was sup- 
plied by means of a small porous 
diffuser ball submerged to the bottom 
of the bottle. The flow of air was 
regulated so as to just keep all of the 
sludge in suspension, but no attempt 
was made to measure the aeration rate. 
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A fill and draw arrangement with one 
draw-down a day was used throughout. 


Method of Operation 


The method of operation was as fol- 
lows: The air diffuser was shut off at 
8:30 a.m., the sludge settled for 1 hr., 
and the supernatant drawn down to 
the sludge level, which was usually be- 
tween the 5- and 6-1. level. A raw feed 
mixture of 15 per cent radioactive 
laundry waste and 85 per cent settled 
domestic was then added in 
sufficient quantity to bring the liquid 
level to 16 |. and aeration was _ re- 
sumed for the remainder of the 24-hr. 
period (approximately 22.5 hr.). On 
the first study in which high suspended 
solids levels were maintained, 300 ml. 
of settled sludge were withdrawn at 
weekly intervals for plutonium analy- 
sis. This also served the purpose of 
holding down the suspended solids in 
the mixed liquor to a practical level. 
On the second study a small amount of 
sludge was withdrawn daily for the 
purpose of holding the suspended sol- 
ids concentration in the mixed liquor 
at approximately 1,500 p.p.m. Daily 
pH measurements were made of the 
effluents ; dichromate oxygen consumed 
determinations (7) were made twice 
weekly. Other tests on the effluents 
(such as plutonium counts, ammonia 
nitrogen, nitrate nitrogen, and phos- 
phate) were made at weekly intervals, 
or in some instances less frequently. 
The determinations on the mixed liq- 
uor, including suspended solids, ash 
content, and _ settleable solids, 
made at weekly intervals. The 
centrations of plutonium and oxygen 
consumed in the raw mixture were cal- 
culated from the analytical results on 
samples of undiluted laundry waste 
and settled In general, the 
laundry analyses were made at weekly 
intervals or more frequently, whereas 
the sewage analyses were made at about 
two-week intervals. 

The raw laundry waste showed an 
average oxygen consumed value of 700 
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p.p.m, and a plutonium concentration 
of 1,726 counts per minute per liter 
during the first run. As might be ex- 
pected, the fluctuation in strength of 
this waste was very great with respect 
to both O.C. and activity. 


Summaries of Results 


A summary of the data collected on 
activated sludge treatment of a mix- 
ture of 15 per cent laundry waste and 
85 per cent settled sewage is given in 
Table I. On the run from November 8, 
1951, to July 30, 1952, the suspended 
solids concentration in the mixed liquor 
Was maintained at a high level so as to 
simulate the typical activated sludge 
plant in which compressed air is ap- 
plied by means of porous diffusers. 
As was to be expected from the long 
aeration period, the effluent O.C. and 
B.O.D. values were very low, indicat- 
ing excellent stabilization of organic 
matter. Furthermore, the residual plu- 
tonium concentrations were very low, 
showing an average value of 30 counts 
per minute per liter, or 2.7 k 10° pe. 
per l. Since the plutonium concentra- 
tion in the raw mixture was 259 counts 
per minute per liter, or 2.33 x 10° 
pe. per 1, this represents a reduction 
of 88.4 per cent. Suspended solids in 
the mixed liquor averaged 3,025 p.p.m. 
and contained 25.5 per cent ash. These 
solids settled to a volume of 345 ml. 
per liter after 30 min., indicating ex- 
cellent settleability. There was no 
trouble experienced from frothing dur- 
ing any of these experiments. One of 
the most interesting features of the 
study was the build-up of plutonium 
in the sludge. The average value for 
plutonium was 7,000 counts per minute 
per gram of dry sludge or 6.3 x 10% 
pe. per gram. There was considerable 
variation, which could not be accounted 
for, in these results on sludge. How- 
ever, since the activity in the sludge 
that was withdrawn during the entire 
run was essentially the same as the 
amount added with the laundry waste, 
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TABLE I.--Summary of Experimental Data on Activated Sludge Treatment of 
Radioactive Laundry Waste ' 
High Susp. Sol. in Mixed Liquor? Low Susp. Sol. in Mixed Liquor* 
Ay Max. | Min. | 2.0! | As Max Min. | Results 

Raw laundry waste: 
Oxygen cons. (p.p.m.) , 700, 1,980 140 83 588 860 420 20 
Pu (counts/min. /1.) 1,726|35,900! 170; 108 2,642 35,900 410 47 
pH 6.74 75| 49) 85 7.14 74| 22 

Settled sewage: | | 
Oxygen cons. (p.p.m.) 145! 186) 108 12 145 i86 108 12 

Raw mixture: | 
Oxygen cons. (p.p.m.) 2285 2115 
Pu (counts/min. /1.) 2595 | - - 396° 

Mixed liquor: j 
Susp. solids (p.p.m.) 3,025 4,398) 1,440 44 | 1,612 | 2,260; 1,120 25 
Ash (%) | 25.5; 39.7) 126| 42 | 200; 24 
Settl. sol.6 (ml. /1.) 345} 770| 155 43 134 215 100 25 
Sl. density index? 0.96; 1.44! 0.42 41 1.25 163, 0.70) 25 

Effluent: 
Oxygen cons.* (p.p.m.) 24 45 | 1 69 23 55 4/ 50 
B.O.D.* (p.p.m.) 6 9 6 — 
Pu® (counts/min. /1.) | 30 | 118 0.4 33 19 | 73 | 0 22 
NH;—N (p.p.m.) 0.58) 5.7| 0 10 0.28 | 2.2 | 0 9 
NO;—N (p.p.m.) 30 38 23 10 29 41 13 10 
PO, (p.p.m.) 18 22; 1 10 18 25 9} 10 
pH 86 6.0 | 243 9.4] 58] 161 

Sludge: | | 
Pu (counts/min./1.) 65,800 - 31 — 
Pu (counts/min./g. dry sol.) | 6967) — | — 31 | — | 

' Mixture of 15 per cent laundry waste and 85 per cent settled domestic sewage. 
* November 8, 1951 to July 30, 1952. 
§ February 12, 1952 to July 30, 1952. 
* Median value. 
5 Calculated value. 
® Settled for 30 min. 
? P.p.m. suspended solids 

M1. settled sludge X 10° 
5 Filtered. 
Settled. 

it is believed that the average values versely affect the results. Plutonium 


are substantially correct. 

During the period from February 
12, 1952, to July 30, 1952, the sus- 
pended solids concentration of the 
mixed liquor was maintained at ap- 
proximately 1,500 p.p.m. Furthermore, 
all excess sludge was digested in a 10-1. 
bottle, the supernatant being returned 
to the aerator bottle. These data show 
that the effluent oxygen consumed 
values are quite similar (23 p.p.m.) to 
those of the other study, so it is evident 
that the supernatant return and low 
suspended solids content did not ad- 


removals are slightly better on this 
series, the average effluent count 
amounting to 19 counts per minute 
per liter (1.7 x 10° ye. per 1.) giving 
a removal of 95.2 per cent. The aver- 
age suspended solids value was 1,612 
p-p.m. and the settleable solids were 
134 ml. per |. in 30 min. Phosphate 
values were quite high on both studies, 
no doubt due to the large amount of 
detergents used by the people in the 
community from which the sewage was 
collected. Nitrate values were quite 
high, as might be expected from the 
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long aeration periods. In this study 
no attempt was made to find the 
amount of plutonium concentrated in 
the sludge. 

The effects of shorter aeration pe- 
riods and larger percentages of laundry 
waste are being studied. The results 
of these studies are to be reported at 
a later date. 


Conclusions 


From the information gained from 
this study the following conclusions 
can be drawn: 


1. The activated sludge process is 
satisfactory for the treatment of a mix- 
ture of 15 per cent radioactive waste 
from the Los Alamos industrial 


laundry and 85 per cent settled sew- 
Both plutonium and organic mat- 
ter removals were excellent under the 
conditions of the experiments, which 
included long aeration periods, as well 
as filtration of effluents, before analyti- 


age. 
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eal determinations for plutonium and 
oxygen consumed were made. Froth- 
ing was not a problem with this mix- 
ture, as no synthetic detergents were 
used by the laundry during the pe- 
riod of the study. 

2. With the long aeration periods 
used, the results were equally good at 
both high and low suspended solids 
concentrations in the mixed liquors. 

3. Return of the digester superna- 
tant to the aeration tank did not have 
a detrimental effect on the process. 

4. Concentration of plutonium in the 
zoogleal sludge was found to be rather 
high, even though the concentration in 
the raw feed was definitely at a low 
level. This demonstrates that zoogleal 
sludge is an effective concentrator of 
plutonium. Because of this fact, all 
excess sludge from a full-scale treat- 
ment plant would require special han- 
dling and disposal to prevent the scat- 
tering of long-lived radioactive ma- 
terials to the general environment. 
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Fond du Lac, Wis., located at the 
south end of Lake Winnebago, had a 
population of 30,000 according to the 
1950 federal census. In addition to 
being a trading center for agricultural 
and dairy products, it has numerous 
manufacturing plants, some of which 
contribute large quantities of indus- 
trial waste to the sewer system. From 
the standpoint of sewage treatment the 
largest and most important industries 
are a tannery and a dairy products 
plant. 

Because the general elevation of the 
city averages only 10 ft. above Lake 
Winnebago, most of the sewers are laid 
on a minimum grade and the entire 
sewage flow must be pumped through 
the treatment plant. It is served by 
approximately 110 mi. of sewers. De- 
spite the separate system of sewers, 
large quantities of storm water enter 
the sanitary sewer system during a 
‘ain or spring runoff. Flow records at 
the treatment plant indicate that the 
dry-weather flow averages approxi- 
mately 4 m.g.d. Storm flows are in 
excess of 25 m.g.d. The effluent from 
the treatment plant is discharged into 
Lake Winnebago at a point approxi- 
mately 500 ft. offshore. The storm 
sewers discharge into the Fond du Lae 
River and Lake Winnebago. 

In addition to the effluent discharged 
by Fond du Lac, the effluent from a 
primary treatment plant at North Fond 
du Lae is discharged into the lower 
end of the lake. Oshkosh, approxi- 
mately 16 mi. north on the west side 
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of the lake, discharges the effluent 
from a primary plant into the Fox 
River a short distance upstream from 
its junction with the lake. The outlet 
of the lake, the lower Fox River, is at 
its northerly end approximately 7 mi. 
from where the river enters the lake. 
Since no other rivers of any conse- 
quence enter the lake, approximately 
one-half of the entire area might be 
considered stagnant water, the prin- 
ciple movement being that created by 
wind. The lake, therefore, offers only 
limited possibilities for dilution. In 
addition, the many private dwellings 
and cottages located on both sides of 
the lake contribute considerable pol- 
lution. 


Early Developments 


Fond du Lae was one of the first 
cities in Wisconsin to construct a plant 
for the treatment of domestic sewage. 
In the late 1900’s an Imhoff tank was 
constructed near the Fond du Lae 
River between the settled area and the 
lake. Considered the ‘‘last word’’ in 
sewage treatment at the time of its 
installation, this tank, with many 
modifications and additions, was oper- 
ated until the early 1920’s. By then 
it had become entirely inadequate and 
a new plant was constructed north of 
the city, approximately 1,000 ft. from 
the lake and with the outfall sewer ex- 
tending approximately 500 ft. into the 
lake. The new plant was of the sepa- 
rate sludge digestion type, consisting 
of two clarifiers, two digesters, and 
sludge beds. Little or no considera- 
tion was given to the treatment of 
wastes from the tannery or dairy prod- 
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ucts plants. These industries con- 
tinued to discharge their wastes into 
the Fond du Lae River until the late 
1920’s. 

During the summer of 1929 the Wis- 
consin State Board of Health made a 
detailed study of the Fond du Lae 
problem, including treatment of the 
combined domestic and tannery sew- 
age. From this study it was concluded 
that screening of the tannery sewage 
to remove hair and fleshings, followed 
by pretreatment, would make possible 
successful treatment of the combined 
waste provided the volume of tannery 
waste would not exceed 40 per cent of 
the total volume. 

The study did not include the dis- 
posal of sludge produced by the pre- 
treatment of tannery waste, which in 
later years became a major problem. 
In this connection the conclusion on 
the disposal of this sludge is of inter- 
est. It provided: ‘*The sludge from 
the pretreatment should be 
dried and disposed of as fertilizer or 
lagooned on swamp land and used to 
fill up the swampy area. In case the 
lagooned sludge produces obnoxious 
odors it will be necessary to dispose of 
it elsewhere.’ 


process 


Plant Changes 


Based on these studies and recom- 
mendations, two additional clarifiers 
for the pretreatment of tannery waste 
were constructed adjacent to the clari- 
fiers handling domestic sewage. The 
tannery waste was pumped through a 
force main directly to these clarifiers. 
The original plan was to discharge the 
effluent from the tannery clarifiers into 
the influent of the domestic clarifiers, 
resulting in treatment of the combined 
waste in the domestic clarifiers. In 
practice it was found that the tannery 
clarifiers did an excellent job of remov- 
ing suspended solids and little could 
be gained by further settling. There- 
fore, the practice was discontinued. 
An attempt to digest tannery sludge 
with the domestic sewage met with little 
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or no success, probably because of in- 
sufficient digester capacity. 

Sludge from the domestic clarifiers 
was pumped to the digesters, which 
functioned more or less satisfactorily. 
Sludge from the tannery clarifiers was 
pumped to nearby lagoons. For a 
short time this appeared satisfactory, 
but lagoon area was used up rapidly 
and in a few years there were acres 
of lagoons containing tannery sludge 
to depths of more than 10 ft. in various 
stages of decomposition. To provide 
sufficient area became a problem. Dikes 
around the lagoons were raised to 
provide more volume. Periodically the 
sludge would break through the dikes 
and flow into the lake and river. Ob- 
noxious odors from the lagoons were 
carried over the city by the prevailing 
winds, at times causing almost unbear- 
able conditions, especially during hot 
summer nights. This resulted in the 
State Board of Health issuing an order 
on the city calling for the correction 
of that condition. The order also called 
for secondary treatment and a more 
acceptable method of disposing of all 
sludge from the treatment plant, as 
well as an approved method of garbage 
and refuse disposal. 


Later Studies and Plant 
Improvements 


An investigation and study of this 
problem was begun in 1941, inter- 
rupted by World War II, but again 
continued in 1945. Based on these in- 
vestigations and studies the following 
recommendations were made: 


1. The pumping station necessary to 
pump the sewage through the disposal 
plant be made a part of the disposal 
plant instead of a separate unit ap- 
proximately 1,500 ft. from the plant. 

2. A drum-type sereen be included 
in the treatment plant to screen the 
tannery waste before combining it with 
domestic sewage. 

3. The plant pumping station have 
a capacity of 25 m.g.d., with the pumps 
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operated by electric motors and sludge 
gas engines. 

4. The plant include the following 
units, the flow passing through these 
units in the order named: 


(a) Meters for both domestic and 
tannery sewage. 

(b) Grit removal 
tannnery waste being 
with the domestic 
ahead of this unit. 

(¢) Floceulator. 

(d) Primary clarifiers. 

(e) Rock filters for operation as 
either standard or high-rate fil- 
ters. 

(f) Final clarifiers. 

(g) Digesters. 

(h) Vacuum filters and flash drying 
equipment to condition the 
sludge for disposal. 


the 
mixed 
waste just 


equipment, 


The plant was designed for an ulti- 
mate dry-weather flow of 8 m.g.d. and 
a B.O.D. of 12,900 Ib., equal to a popu- 
lation equivalent of 77,000. At that 
time it was estimated that the domestic 
sewage, including that from two dairy 
plants, would be 4.5 m.g.d. and the 
tannery flow 1 m.g.d. 

Because it was anticipated that a 
considerable volume of storm water 
would reach the plant, provisions were 
made to handle a total flow of approxi- 
mately 25 m.g.d. The pumping ¢a- 
pacity at the plant at the designed 
head is 21.5 m.g.d., but with a reduc- 
tion of 5 ft. in head during storm flows 
this capacity is increased to 25 m.g.d. 
The grit removal equipment and floc- 
culator have a rated capacity of 20 
m.g.d. The balance of the units can 
be operated at a 20-m.g.d. rate, but 
since this exceeds the designed capacity 
the efficiency would be reduced. 

The sludge from the primary clari- 
fiers is pumped to the digesters while 
sludge from the final clarifier is 
pumped to the primary clarifier for 
settling and mixing with primary 
sludge. 
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The pumping equipment and piping 
is so arranged that it is possible to 
pump final clarifier or filter effluent to 
the rock filters in order that high 
dosing rates can be maintained. 

The four clarifiers of the primary 
treatment plant were all converted to 
digesters. This resulted in six di- 
gesters, each 50 ft. square and 17.5 ft. 
deep, having a total digester volume 
of 262,500 cu. ft. Based on the pres- 
ent population of 30,000, this is equal 
to 8.7 cu. ft. per capita, but on a basis 
of population equivalent of 77,000 it 
is equal to 3.4 cu. ft. per capita. 

Four of the digesters have fixed cov- 
ers with stirring mechanism and are 
considered primary digesters; two are 
considered final digesters, having float- 
ing gas holders with a gas storage 
capacity of approximately 15,000 eu. 
ft. each. The sludge is heated by hot- 
water coils in the digesters and a 
500,000-B.t.u. per hr. external sludge 
heater using either sludge gas or fuel 
oil. 

The sludge is drawn from the final 
digester to two vacuum filters each 6 
ft. in diameter by 8 ft. long, which 
reduce the moisture content from ap- 
proximately 96 per cent to approxi- 
mately 70 per cent at a rate of 3 Ib. 
per sq. ft. per hr. The moisture con- 
tent is further reduced to approxi- 
mately 20 per cent by flash drying 
equipment. The dried sludge is 
bagged and sold for fertilizer. 


Incinerator Serves Dual Purpose 


Upon the completion of the investi- 
gation it was concluded that much 
could be gained by combining a gar- 
bage and refuse incinerator with the 
sewage treatment plant. One of the 
advantages was that the large volume 
of sludge could best be disposed of by 
filtration and heat drying, and heat 
could be reclaimed from the ineinera- 
tor and used for drying the sludge. 

A garbage and refuse incinerator 
having a capacity of 90 tons per 24 
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FIGURE 1.—Flow diagram of Fond du Lac, Wis., sewage treatment plant. 


hr., together with the necessary truck 
storage, was included in the 
This unit was so arranged that the 
waste heat from the incinerator can 
be used for sludge drying or the sludge 
can be incinerated. 


design. 


Plant Operation 


The plant was placed in operation 
in 1950 with the usual difficulties en- 
countered in placing a new plant in 
operation. From an examination of 
the plant operating records it is ap- 
parent that the operating results are 
quite consistent, and very good except 


when affected by storm flows. Figure 
1 is a flow diagram of the plant. 

In July, 1952, the Wisconsin State 
Board of Health ran a 24-hr. test, the 
results of which can be considered rep- 
resentative (Table I). The filter dos- 
ing rate during the test period was 15 
m.g.a.d., and the B.O.D. loading ap- 
proximately 58 lb. per 1,000 cu. ft. 
Filter effluent was returned to the pri- 
mary clarifier during the test period. 

The following information on the 
plant is of interest: 


The superintendent of both the sew- 
age treatment plant and the incinerator 


TABLE I.—-Plant Operating Data for 24-Hr. Test; July, 1952 


Flow 


Sampling Point 
(m.g.d.) 


City sewage 
Tannery waste 
Combined 
Prim. clar. eff. 
Filter effluent 
Final clar. effi. 
Over-all 


0.661 
1.691 


* Increase. 


B.O.D 
p.p.m.) 


B.O.D. Red Susp. So! 
(%) (p.p.m.) 


414 
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is also the superintendent of garbage 
and refuse collection. The plant per- 
sonnel consists of 16 men, as follows: 


1 laboratory technician 

1 foreman 

1 mechanic 

4 plant operators 

3 filter and drier operators 
2 incinerator operators 

4 laborers 


During the summer some extra la- 
bor is employed. 

In the first five months of 1953 the 
incinerator was operated an average 
of 57 hr. per week, incinerating an 
average of 90 tons of garbage and 
refuse per week, or 15 tons per day. 
No fuel is added to the garbage and 
refuse during the process of incinera- 
tion. 

During 1952, a total of 1,740 tons 
of sludge was dried, or approximately 
6 tons per operating day. During 
April, 1953, an average of 8.7 tons 
per day was processed. The dried 
sludge is bagged and sold at $5.50 per 
ton. Sale of the sludge is a material 
contribution in reducing the plant op- 
erating cost. 

During 1952 an average of 45,000 
cu. ft. of gas per day was produced, 
equal to 1.5 cu. ft. per capita and 0.75 
cu. ft. per population equivalent. The 
1953 production will probably aver- 
age between 50,000 and 55,000 eu. ft. 
per day. At present there is a de- 
ficiency in the heating capacity to 
maintain the most favorable tempera- 
tures for digestion. During 1952 the 
average temperature in the digester 
was approximately 75° F. Improve- 
ments to the heating system are under 
consideration so that a temperature 
of 90° to 95° can be maintained. In- 
dications are that this will increase 
gas production to 60,000 to 65,000 cu. 
ft. per day. 
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Recent analysis of the sludge gas 
indicates that 75 per cent methane and 
a B.t.u. value of 720 per ecu. ft. This 
is rather high compared to the gas 
produced in most plants. 

With a production of 55,000 eu. ft. 
per day during 1953, felt to be a rea- 
sonable estimate, the value in terms of 
electric power purchased would be 
$10,000 per year. This is approxi- 
mately $3,200 less than the total power 
bill in 1952. 

During 1952, 18.8 per cent of the 
gas produced was used by engines op- 
erating pumps, 0.90 per cent was used 
for general plant purposes, 58.8 per 
cent for heat, and 21.5 per cent was 
wasted. 

The original investigation indicated 
that the gas produced from the diges- 
tion of domestic sludge averaged 20,000 
cu. ft. per day. Records on the opera- 
tion of the old plant were not too 
complete. Consequently, it was impos- 
sible to determine with any degree of 
accuracy the gas production that could 
be expected under favorable condi- 
tions. There was also some question 
as to how successfully the tannery 
and domestic sludge combination could 
be digested when 40 per cent of the 


total sludge volume was_ tannery 
sludge. This was the primary reason 


for spending only a nominal sum for 
gas utilization. With practically two 
years of operation as a basis, it is now 
possible to estimate with a considerable 
degree of accuracy what gas produec- 
tion can be expected in the future. 
Therefore, consideration is being given 
to the installation of equipment for 
the generation of electric power and the 
reclaiming of heat. Preliminary esti- 
mates indicate that the value of use- 
able power and heat will amortize the 
required investment in somewhat less 
than 10 years. 
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The Brush Beryllium Company is 
probably the largest producer of pure 
beryllium in the United States, and 
possibly in the world. Being a young 
company it has faced a challenge in the 
form of the many problems that beryl- 
lium manufacture embodies, among 
which are the problems of beryllium 
toxicity, the handling of waste ma- 
terials, and their disposal. 

There is wide belief that the ma- 
terial is seriously toxic and must be 
handled with caution. Company ex- 
perience, however, does not indicate 
that this toxicity is quite so drastic. 
However, until more is known about it, 
the precautionary measures are taken 
on the assumption that the toxicity of 
beryllium is very great. 


Dermal Reactions 


After 10 years of relatively intensive 
study, the toxicity of beryllium is not 
clearly understood in all its phases. 
The medical scientists, however, have 
developed several proven facts and 
quite a number of rather well-sub- 
stantiated theories on the subject, such 
as that water-soluble salts of beryllium 
may cause sterile ulcers if they are 
permitted to enter a break in the skin, 
and that there does not appear to be 
any significant difference in suscepti- 
bility to ulcers from one individual to 
another. Beryllium ulcers do not cause 
any general systemic reaction, or perm- 
anent damage beyond the formation of 
sear tissue. The skin reaction of the 
water-soluble beryllium salts varies 
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widely from one individual to another 
for a given exposure level, and it ap- 
pears that all persons will show a gen- 
eral reaction if the time and level of 
exposure to the skin are great enough. 
seryllium dermatitis, like beryllium 
ulcers, causes transient effect and no 
permanent damage. 

To date, there is no indication that 
beryllium in any form ean produce a 
toxic reaction when it enters the body 
through the digestive tract. 


Respiratory Reactions 


On the other hand, it has been de- 
termined, although not positively 
established, that certain beryllium com- 
pounds are responsible for acute re- 
spiratory system reactions, with re- 
lation to the minimum or maximum 
coneentration of beryllium taken into 
the system. There are numerous in- 
which attribute toxicity of 
beryllium to an individual. But again, 
it must be stated that there is quite 
a range of individual susceptibility to 
acute berylliosis, which is officially 
known as granulomatosis in beryllium 
workers. This lung disease is a diffi- 
cult one to study, and research is 
being continued. From all indications, 
it appears that a relatively few indi- 
viduals are susceptible to chronic 
berylliosis. One of the puzzling fac- 
tors of the toxicity of beryllium to the 
respiratory system is that more than 
80 per cent of the chronic berylliosis 
cases on record are attributed to in- 
dividuals who have never had any con- 
nection with the production of beryl- 
lium, its alloys, or its compounds. 
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Ingestion Tests 


Dr. Harold C. Hodge, Chief Pharma- 
cologist of the University of Rochester 
School of Medicine and Dentistry, has 
conducted tests to determine the in- 
gestive toxicity of beryllium on rats 
and dogs. In the case of rats fed for 
two years on a diet of 0.4 per cent 
beryllium sulfate, he found no evidence 
of toxie effects. 

In estimating the average dietary in- 
take of the rat to be 15 g. per day, 
each rat must have had 60 mg. of 
beryllium sulfate, or 3.6 mg. of beryl- 
lium daily. Assuming that the average 
rat weighs 200 ¢., the daily dosage 
must have been about 18 mg. per kilo- 
vram of body weight. 

If these figures were applied to a 
larger animal, such as the cow, a 350- 
ke. cow could consume 6,300,000 yg. 
daily. Even if the animal’s drinking 
water contained 6,000 pg. of beryllium 
per liter, it might well ingest 250 gal. 
of such water per day with no ill ef- 
fects from beryllium. Whether or not 
the cow could manage to down 250 
val. of any sort of water in a day's 
time is another matter entirely. 

Dr. Hodge also fed two dogs beryl- 
lium sulfate in amounts of 0.01 g. 
per kilogram per day for 19 months 
with no detectable ill effects. Three 
dogs were fed 1 g. per kilogram of 
body weight per day. One of the dogs, 
after 19 months of this diet, showed 
no ill effects. Another fed nine months 
showed no ill effects. The third showed 
some loss in body weight during the 
9-month period, and was sacrificed for 
examination. The tissues showed no 
evidence of damage. 


Selection of New Plant Site 


In 1949, a program was initiated to 
increase beryllium production. To do 
this, a new site had to be found. After 
considerable search it was found that 
the Magnesium Reduction plant at 
Luckey, Ohio, would admirably suit 
the purpose, since it had available ade- 
quate buildings, water, power, and gas. 


TOXICITY OF BERYLLIUM 


1425 


At the beginning, the matter of 
waste disposal was in the formative 
stage. This was not considered too 
serious, since it was thought that the 
production by-products, such as am- 
monium aivin and sodium sulfate, could 
be reclaimed and sold on the open 
market. The tonnage of these ma- 
terials, however, although large to the 
producer, was not adequate to warrant 
any by-product recovery plant. There- 
fore, the by-products were, and still 
are, unable to be disposed of. It might 
be added that one of the reasons for 
this is that they naturally contain 
traces of beryllium, which is known to 
the public as toxic, regardless of the 
compound in which it exists. This re- 
luctance to beryllium-containing 
by-products will probably continue for 
some time to come. However, the pub- 
lic scare concerning the toxicity of 
beryllium might be likened to a certain 
extent to the alleged toxicity of 
aluminum during its early history, and 
only time will tell. 


Airborne Beryllium 


On the basis of the information that 
has been gathered concerning the tox- 
icity of beryllium to the individual, 
the plant has been adequately venti- 
lated—probably better than most in- 
dustrial concerns—in such a manner 
as to remove all the beryllium possible 
by scrubbing all the air and collecting 
any mists that may develop in the 
production of beryllium. Precautions 
also are taken to assure that the plant 
is thoroughly clean, and that careless- 
ness is avoided throughout the plant. 
In the working area airborne beryllium 
is maintained at the low level of 2 yg. 
per cubic meter of air. 

Monitoring stations also have been 
set up in the surrounding area, vary- 
ing in distance from a 0.25 to 3 mi. 
from the plant, at which dust samples 
are collected for definite periods, then 
analyzed for beryllium. The monitor, 
or pump, is merely a blower to which 
is fitted a filter paper. The air is fil- 
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tered through the paper as it is sucked 
into the samples. Knowing the ¢a- 
pacity of the blower, it is possible to 
calculate the amount of beryllium fil- 
tered out of the air per given quan- 
tity of air. The maximum allowable 
concentration of beryllium outside the 
plant for surrounding area is 0.01 
wg. per cubic meter. Actually, the 
concentration has never exceeded 0.007 
pg. per cubic meter. 


Liquid Wastes 


Meantime, there is the problem of 
the wastes or by-products of beryllium 
manufacture. The plant site at Luckey 
is located in the midst of a farming 
community, and on a creek which far- 
ther downstream becomes the Tous- 
saint River. During the summer 
months, the creek is dry; in the winter 
months as a rule it is frozen, if there 
is any flow whatsoever. There is one 
consoling fact, however. A limestone 
quarry adjacent to the Brush plant 
pumps its water into the creek about 
50 to 75 yd. below the Brush outlet 
to the creek. This, as pointed out later, 
is adequate to dilute the wash waters, 
which are negligible in beryllium and 
other impurity content. 

Originally three lagoons in series 
were provided to take care of the con- 
centrated wastes. The heavier concen- 
trates are settled in the first lagoon, 
the effluent being pumped or allowed 
to flow into the next. By the time the 
waste flows into the third lagoon, it 
is very dilute with respect to solids, 
and contains mainly sodium sulfate. 
During the summer months, consider- 
able evaporation is effected, so the 
lagoons might be termed solar evapora- 
tors. At periods of heavy rain, how- 
ever, and during the winter months, 
the lagoons would become full to over- 
flowing, so something had to be done. 

Because of the clamor about beryl- 
lium toxicity, the company was anxi- 
ous to find out exactly what its wastes 
In the summer of 1950, there- 
fore, samples of the waste water, to- 
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vether with company analyses of the 
beryllium content (which were 0.05 to 
1.0 p.p.m. or less), were submitted for 
dissolved oxygen and B.O.D. analyses. 
In June, 1951, at the request of the 
Ohio State Health Department, out- 
side aid was enlisted in determining 
D.O. and B.O.D. checks of the wastes 
and of the Toussaint Creek water prior 
to and after the entry of the wastes. 
The results of this continuing study 
are sent to the Water Pollution Con- 
trol branch of the State Department 
of Health. 

No arbitrary limits were set for D.O. 
and B.O.D. except to keep the B.O.D. 
below 20 p.p.m. This it was found 
possible to do, except for an occasional 
sample that would suddenly show 25 
or 30 p.p.m. B.O.D. 


Biologic Effects 


In addition to the D.O. and B.O.D., 
sulfate was also determined. Although 
it has been possible to control the 
B.O.D. and the sulfate in Toussaint 
Creek, there was no indication as to 
the effect of beryllium compounds on 
aquatic life or on the animals that 
would drink from the creek. To glean 
some information on the effect of beryl- 
lum on B.O.D., several samples of 
beryllium sulfate were treated or com- 
plexed with tartaric acid, and adjusted 
with sodium hydroxide and a blank of 
sodium tartrate to a pH of 5.5 A series 
of B.O.D. bottles was set up to deter- 
mine the toxicity of beryllium on set- 
tled sewage effluent. One thing led to 
another, so that even sulfuric acid and 
ammonium acetate were subjected to 
experiment. 
showed that the whole problem was a 
complex one, and it was agreed that 
this approach to the problem should 
be discontinued. 


These experiments only 


Aquatic Life Tests 
It was then decided to try experi- 
ments using live fish and other water 
animals, since D.O. and B.O.D. deter- 
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minations did not give the true effect 
of beryllium on aequatie life. About 
a dozen goldfish also were procured, as 
well as minnows, water plants and 
some snails, and a stock aquarium was 
set up. Four aquaria were set up in 
all, two for control and two for ex- 
periments. Each aquarium was 
equipped with an aerator and a filter 
so that the water would not have to 
be changed during the course of the 
experiments. 

3efore any valid data could be ob- 
tained, there was a period of high 
casualties among the minnows, mainly 
due to lack of experience with the care 
of fish. Once these difficulties were 
overcome, the experiments proceeded 
smoothly. It was found that high mor- 
tality occurred when the aquarium 
sand was disturbed and caused a sus- 
pension of silt in the water. 

Two experiments were performed 
concurrently: (a) the effect of beryl- 
lium sulfate complexed with sodium 
tartrate on aquatic life, and (b) the 
effect of lagoon waste on aquatic life. 

The tartaric acid, of course, was 
necessary to keep the beryllium in 
solution as beryllium tartrate, since 
beryllium sulfate hydrolyzes and 
forms insoluble beryllium compounds 
in solutions of pH 7 to 9, and the 
water used was of plIl 8.5. In the 
control tank for the beryllium sulfate 
experiment there were placed amounts 
of sodium tartrate equal to the amounts 
used in the experimental tank, so that 
it could determine whether any effects 
noticed were due to beryllium or to 
the tartrate complex. At the end of 
the experiment, there was no evidence 
of toxie effect in either the beryllium 
complexed aquarium or in the control 
aquarium. 

Each of the two aquaria held about 
5 gal. of water. The actual liquid vol- 
ume was kept at 3 gal., however, and 
each aquarium was stocked with two 
goldfish, eight minnows, and _ three 
snails, besides several water plants. 
From 1 to 2 p.p.m. of beryllium and 
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from 23 to 46 p.p.m. of sodium tartrate 
were introduced into the aquarium 
daily for nine days. At this point the 
water became cloudy, and it was 
thought that the filter was inadequate. 
The water of the experimental tank 
was filtered, using a filtering funnel 
and a centrifugal pump. Evidently the 
turbulence of the filtration was too 
much for the eight minnows, but it 
had no effect on the goldfish or the 
snails. The goldfish and snails were 
put back into the stock aquarium, and 
a sample of the water was taken for 
analysis. The water at this point ana- 
lyzed 11 p.p.m. beryllium, 0.3 p.p.m. 
iron, 262 p.p.m. sulfate, and pH 8. 

The following day, the experiment 
was set up again, with 120 ml. of the 
complexed beryllium solution added at 
once. This addition immediately 
brought the beryllium, sulfate, and 
sodium tartrate concentrations in the 
aquarium to 5.3 p.p.m., 56 p.p.m., and 
123 p.p.m., respectively. There was no 
ill effect on the fish, minnows, or snails 
from the sudden addition of the 120 
ml. of solution. The next day, another 
120 ml. of the complexed solution was 
added. This doubled the impurity 
coneentration, and brought the sodium 
tartrate concentration up to that of 
the control tank. The daily additions 
were continued for another 10-day pe- 
riod in both aquaria. The total beryl- 
lium concentration at the end of the 
experiment was 28.5 p.p.m.; sulfate 
was 302 p.p.m.; and sodium tartrate 
664 p.p.m. There was still no evidence 
of toxic effect on the aquatie life in 
either aquarium, 

The conclusion must therefore be 
that beryllium in concentrations up to 
28.5 p.p.m. is not toxie to goldfish, 
minnows, or snails. 


Lagoon Waste Tests 


The experiment on lagoon wastes, 
which was of more vital interest, was 
carried to the point where the fish 
were generally sluggish. 

The aquarium for this experiment 
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was filled with 6 gal. of tap water, and 
stocked with two goldfish, eight min- 
nows, and three snails. The stock 
aquarium was used as the control for 
this experiment. Both aquaria were 
equipped with aerators and filters. The 
lagoon waste water analyzed 2.3 p.p.m. 
berrylium, 10.0 p.p.m. iron, and 12,700 
p.p.m. sulfate; pH was 8.0. 

The plan was to add 100 to 300 ml. 
of the lagoon waste each day until 
symptoms of ill effect developed. This 
was done for 15 days, at the end of 
which there had been introduced 2.5 
l. of lagoon waste, representing 10 per 
cent of the total volume of the liquid 
in the tank. The analysis of the liquid 
was < 3.0 p.p.m. beryllium, 1.0 p.p.m. 
iron, 2,101 p.p.m. sulfate, and pH 8.0. 

For the next five days the lagoon 
waste-water additions were stepped up 
to 1,000 ml. per day. On the sixth day, 
with the addition of another 1,000 ml., 
the fish became sluggish. The goldfish 
were transferred to the stock aquarium, 
and the minnows and snails were left 
in the experimental tank. All the min- 
nows and snails were dead four days 
later. 

One of the goldfish had a black de- 
posit which covered about 50 per cent 
of its body. It regained its original 
color and vigor soon after it was trans- 
ferred to the stock aquarium. So did 
the other goldfish, although its color 
had not been affected. 

The aquarium at the end of the ex- 
periment contained 24 per cent lagoon 
waste. The liquid was analyzed and 
found to contain in solution 0.1 p.p.m. 
beryllium, 3.0 p.p.m. iron, 1.0 p.p.m. 
Mn, 0.3 p.p.m. Al, 50.0 p.p.m. NH,, 
and 3,460 p.p.m. sulfate; the D.O. was 
0.5 p.p.m., and the B.O.D. was 26 
p.p.m. 

Other experiments were conducted 
to determine the maximum sudden ad- 
dition of lagoon waste to tap water 
that the fish could survive. It was 
found that a mixture containing 5 per 
cent lagoon waste was not toxic, but 
more than 10 per cent was clisastrous. 
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To this it must be said that it was not 
due to beryllium as much as to soda 
salts. 


Discharge Program 


On the basis of the foregoing experi- 
ments it is felt that progress was made 
towards partially solving the beryl- 
lium waste disposal problem by dis- 
covering the extent to which the waste 
discharges to Toussaint Creek must be 
controlled. These discharges are made 
during periods of high flow in the 
creek, and are controlled by weir dams. 

During normal conditions samples 
are taken twice a week at the various 
sampling stations, which are located 
upstream, at, and about one-half down- 
stream from the discharge into the 
creek. These samples are analyzed for 
pH, beryllium, sulfates, fluorides, D.O., 
and B.O.D. The D.O. and B.O.D. de- 
terminations are made only once a 
week, and only on the downstream 
station. 

The pH of the creek before and 
after discharges fluctuates + 0.5, and 
the sulfate increase is kept, if possible, 
to 100 p.p.m. over the amount found 
in the creek upstream from the plant. 
The fluorides have been negligible; the 
beryllium has not been over 2 p.p.m., 
and in the majority of cases it has 
been less than 0.2 p.p.m. The D.O. has 
been about 12 p.p.m., and the B.O.D. 
averages about 6 p.p.m. 

The effort involved in controlling the 
waste discharge has been great, and 
it is felt that the program has added 
to the company’s prestige in the com- 
inunity and in the state. 
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During the autumn of 1952, the en- 
vironmental sanitation training school 
of the Department of Public Health, 
Columbus, Ga., conducted a survey of 
two poultry dressing establishments in 
central Georgia. This paper presents 
an account of the water use and waste- 
strength findings resulting from the 
survey. 


Method 


Production figures and information 
on plant operation were obtained from 
plant managers. Because facilities 
were not available whereby water use 
could be accurately measured, the flow 
at each water outlet was estimated 
by measuring the time necessary for 
each outlet to fill a receptacle of known 
volume while the plants were in full- 
scale operation. 

The procedure used for measuring 
waste flows was to establish a gage sta- 
tion on each outfall and install a 90° 
V-notch weir. Readings were taken at 
30-min. intervals and at periods of 
marked flow variation, and a composite 
sample was taken from each waste out- 
fall during the day’s operation. The 
wastes of Plant No. 1 are carried off 
by two drains. The first, designated 
as outfall A, drains the scalding, pick- 
ing, and washing operations; the sec- 
ond, designated as outfall B, drains the 
killing floor and a portion of the scalder 
overflow. The wastes at Plant No. 2 


are discharged from one outfall. 

Although facilities were not avail- 
able for determining suspended solids, 
those analyses which were made were 
conducted according to 
Methods’”’ (1). 


“*Standard 
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Description of Operation 


Plant No. 1, the larger of the two 
plants, and Plant No. 2 both employ 
the ‘‘full-pack process.’’ During this 
process, poultry—usually chickens— 
are slaughtered, picked, eviscerated, 
cleaned, cooled, and packed for ship- 
ment. 

In the receiving room, the birds are 
held in tiers of wire cages known as 
batteries. The removable dropping 
pans beneath each cell are seraped 
twice each week, without washing, the 
manure being spread on nearby fields. 

The dressing operation begins when 
the birds are hung by the feet on a 
continuously moving overhead conveyor 
and are passed into the killing room 
where the jugular vein is slit and the 
chickens are allowed to bleed into a 
long trough. Before it can coagulate, 
the blood is washed to waste from the 
trough by continuous streams of water. 

The chickens then pass into the strip- 
ping room, where they are scalded and 
defeathered by a series of mechanical 
pickers. Fine streams of water are 
directed on the birds to aid in the re- 
moval of feathers. 

The birds then pass into the proces- 
sing room, where they are eviscerated, 
washed, and sorted (according to 
weight and grade) into iced vats. 


Results 


For purposes of obtaining an index 
as to which steps contribute the great- 
est volume of wastes, the data in Table 
I were compiled based on water use. 

The measured waste flows from both 
plants are given in Table IT. The flows 
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TABLE I.—Water Use in the Full-Pack 
Process 


Water Use (% of total) 


j 
Plant | Drawing | 
|Bleedir g|Scalding| Picking Giszard \W ashing 
| | Washing | 
10.0 | 29.6 43.9 
36.8 | 5.6 7.0 | 30.4 


| | | 


me, 
No. 2 


compressor. 


from Plant No. 1 are divided into two 
parts. The wastes from outfall A 
come from the stripping and processing 
rooms. Sources of outfall B wastes 
include the killing room, some scalder 
overflow, and a small quantity of wa- 
ter from a washer, both of the latter 
located in the stripping room. The 
values are given on the basis of gal- 
lons per 1,000 lb. of chickens dressed 
live weight (averaging 234 lb. per 
chicken). The flow from outfall A is 
nearly four times that of outfall B, 
showing the large quantity of water 
used in processing and packing. 

Although Plant No. 2 operates at a 
capacity of one-half the number of 
chickens prepared in Plant No. 1, it 
discharges a larger amount of waste 
per 1,000 lb. of chickens. <A visual 
inspection would satisfy any observer 
that more solids escape from the smal- 
ler plant. 

Table III shows the 5-day, 20° C., 
B.O.D., caleulated on the basis of 
pounds per 1,000 lb. chickens. 

Table IV is a summary of the labora- 
tory analyses. It should be noted that 
the chloride content of the wastes is 
high, due to the high chloride content 


TABLE II.—Average Waste Flow 


Waste Flow 
Plant 


No. 1: 
Outfall A 
Outfall B 
Total 
No. 2 
* Per 1,000 lb. of chickens, live weight. 
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TABLE III.—B.O.D. in Chicken Packing 
Wastes 


B.O.D 
Plant (lb.)* 
No. 1: 
Outfall A 
Outfall B 


Total 
No. 2 9.89 


*Pounds per 1,000 Ib. of chickens, live 


weight. 
of the water supply (30 
NaCl). 

The population equivalents per 1,000 
lb. of chickens for the two plants were: 
Plant No. 1, 52.7 persons; Plant No. 
2, 59.3 persons. On a 1,000-chicken 
basis, these values are 145.0 and 163.0, 
respectively. Both values are based 
on a per capita average of 0.167 Ib. 
of 5-day B.O.D. per day. 


p.p.m. as 


Discussion and Recommendations 


Every effort should be instituted by 
the management to reduce the strength 
and volume of liquid wastes. Redue- 
tion in the strength of the wastes will 
reduce the amount of treatment neces- 
sary to prevent any unnecessary pollu- 
tion of receiving waters. Reduction in 
volumes of wastes will reduce the cost 
of future treatment works by requiring 
smaller treatment units. 

The fact that battery room wastes 
are not turned into the sewer system 
is an important asset from the stand- 
point of waste strength. The character 
of the wastes from the battery room 
cleaning are such that, if introduced 
into the sewer system, they could cause 


TABLE IV.—Labor 


Analysis | 
Outfall | Outfall 
A B 


pH Jl 
Bicarb. alk.* (p.p.m.) : 

Total alk.* (p.p.m.) 

Chlorides, as NaCl (p.p.m.) 

B.0.D., 5-day (p.p.m.) 

Settl. sol. (ml./1.) 


As CaCOs3. 


| 

4 
ig * 3.4 per cent cooler water for the refrigerant ieee 
4 

Analyses of Wastes 

| Plant No. 1 

6.6 
| 38 

ee | 38 

| 670 

ag } 20 
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the B.O.D. of the wastes to be in- 
creased up to three times its present 
value. According to Heukelekian et al. 
(2), ‘‘For the combined wastes where 
all the manure is discharged, the popu- 
lation equivalents per 1,000 chickens 
killed are 500 for B.O.D. and 800 for 
suspended solids, and are 147 and 220, 
respectively, when part of the manure 
is removed.”’ 

A considerable reduction in both 
strength and volume of wastes can be 
made on the killing floor. The only 
water used at this point should be that 
used during cleaning operations. The 
blood should be caught in troughs, 
placed in drums, and sold. If these 
simple changes were made, a reduction 
of 10 per cent in routine water use 
and perhaps 50 per cent in B.O.D. 
might be effected, the latter figure 
based on the B.O.D. strength of outfall 
B, which was almost entirely due to 
blood. This estimate agrees with 
Porges (3), who shows that up to 66 
per cent of the B.O.D. is due to blood 
in plants of this type. 

It appears that relatively little re- 
duction in volume or B.O.D. can be ef- 
fected in the stripping room. However, 
stripping room drains should be pro- 
tected against the entry of feathers, 
which clog drains and cause consider- 
able difficulty in the operation of any 
treatment works. 

Some reduction in waste strength 
and volume can be effected in the proc- 
essing room. Reduction in the B.O.D. 


can be made largely through more care- 
ful operation and the installation of 
better equipment. 

Hand washing with pressure hose 
running wide open consumes 25.8 per 
cent of routine water consumption at 
Small orifices on the 


Plant No. 1. 


1. ‘*Standard Methods for the Examination 
of Water and Sewage.’’ Ninth Edi- 
tion. Amer. Pub. Health Assn., New 
York, N. Y. (1946). 


2. Heukelekian, H., Oxford, H. E., and 
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ends of the hoses would still supply 
enough water with enough force to 
properly clean the poultry. It is esti- 
mated that a reduction in flow through 
these hoses of 60 per cent could be 
made by installing %4-in. orifices at the 
outlet of each. This will result in an 
over-all decrease of 16 per cent in the 
average plant routine flow. 

If the recommended changes are 
made at Plant No. 1—that is, if the 
blood is reclaimed and %-in. orifices 
are installed in the pressure hoses— 
the following reduction in B.O.D. and 
waste volume can be expected: 


At With 
Item Present Changes 
Water, per 1,000 Ib. chickens 
(gal.) 1,260 942 
B.0.D., per 1,000 Ib. chickens 
(lb.) 8.83 4.44 
Summary 
Considerable reductions in waste 


strength and volume can be made at 
the two poultry processing plants sur- 
veyed, with a small expenditure of 
funds and effort. Furthermore, the 
sale of blood would more than pay for 
the cost of making the changes. Heu- 
kelekian et al. (2) estimate about 1 oz. 
of blood per chicken, an estimate which 
was verified during this survey. On 
the basis of 18,000 chickens per day 
for the two plants, approximately three 
50-gal. drums would be collected daily. 
At $1.00 per drum (a price offered by 
a local rendering works) and on a 5- 
day, 50-week basis, $750 would be re- 
turned to the company. 

In these days of increasing stream- 
pollution consciousness, management 
should take whatever preliminary 
steps it can to save the company large 
expenditures in the near future. 
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PILOT-PLANT STUDIES ON TREATMENT OF VEGE- 
TABLE PROCESSING WASTES 


By R. 


A. WEBSTER 


Su verintendent, Domestic and Industrial Waste Treatment Plants, 
Seabrook Farms Co., Bridgeton, N. J. 


When the Seabrook Farms Co. went 
into high gear food production for the 
armed forces during World War II, 
the company’s lagooning facilities for 
vegetable waste water treatment be- 
came inadequate. When material be- 
came available, a preliminary waste 
treatment plant for industrial wastes 
was constructed. This consists of 
coarse and fine screening and chlori- 
nation. <A separate sludge digestion, 
high-rate biofilter plant also was con- 
structed for the treatment of some 
300,000 g.p.d. of domestic sewage from 
the Seabrook community. Both plants 
were in operation by October, 1947. 

The particular problem at Seabrook 
Farms is to treat vegetable waste wa- 
ter with an average flow of 7 m.g.d. 
and a maximum of 10 m.g.d., over a 
season extending from April 15 to De- 
cember 15. 

A review of the literature shows that 
most food processing waste water is 
discharged into sanitary sewers after 
some preliminary treatment and satis- 
factory results are obtained by bio- 
logical treatment of this combined 
waste at the municipal sewage treat- 
ment plants (1)(2)(3)(4). However, 
there are some canneries in Ohio and 
Minnesota that have satisfactorily 
treated their wastes on trickling filters. 
A pilot-plant operation in England (5) 
successfully treated a cannery waste. 

It is known that nitrogenous ma- 
terial lends itself better to biological 
treatment than does carbonaceous. 
With this in mind and having a purely 
domestic sewage plant on hand for a 
source of nitrogenous waste, in May 


1948 the writer proposed and designed 
a high-rate biofilter pilot plant to study 
the Seabrook Farms Co.’s problem. 


Three Pilot Plants 


It was learned that one equipment 
manufacturer had pilot-plant units to 
lend. In June, 1949, three pilot plants 
running simultaneously were treating 
the industrial waste by (a) chemical 
coagulation, (b) deep high-capacity 
biofilter, and (c) high-rate biofilter. 
This was the first time any vegetable 
waste water had been studied by these 
three methods of treatment simul- 
taneously on a pilot-plant scale. 

Any treatment method would follow 
the existing fine 20- by 30-mesh screen- 
ing, so a 10-g.p.m. pump in the screen 
room pumped screened waste water to 
a head box on the building roof. The 
flow from this box was split between 
the chemical treatment and the bio- 
logical treatment plants. 

The chemical treatment layout (Fig- 
ure 1), located on a platform to the 
east of the building, consisted of an 
orifice box, aeration chamber, flash 
mixer, slow mixing tank, and _ sedi- 
mentation tank in the order of flow. 
Chlorine, lime and alum solutions were 
applied by hypochlorinators. Hypo- 
chlorite solution was applied at the 
influent of the aeration tank. Alum 
and lime were applied to the flash mix- 
ing tank. 

A primary’ sedimentation tank 
served both biological treatment meth- 
ods. The effluent of this tank was 


split two ways, one portion going to 
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Settling Tank Slow Mixer 


Discharge 
2 


FIGURE 1.—Flow diagram for chemical coagulation pilot plant. 


the deep filter, the other to the high- 
rate filters. 

The deep filter portion (Figure 2) 
went through a weir box then through 
the deep filter, which was followed by 
a secondary settling tank. This filter 
and tank were located along the east 
side of the building. 

The high-rate filter portion (Figure 
3) went through an orifice box located 
on the roof and thence to the filters, 
located about 50 ft. easterly from the 
building. For the purpose of economy 
in design and flexibility of operation, 
the full volume of filter stone was di- 
vided into two equal parts by using 
two sections of 48-in. concrete pipe 
standing upright. The piping was ar- 
ranged so that either filter could be 


TABLE I.- 


used as a primary or a secondary filter. 
The filter effluent went to two second- 
ary settling tanks, with recirculation 
of secondary settling tank effluent to 
the effluent box of the primary filter. 
The final effluent of these three plants 


‘went to the main plant chlorine con- 


tact tank. 
Operation Results 


Operation results give a brief and 
concise picture of the efficiencies of 
each treatment method according to the 
material being processed. 

Table I gives the waste load that 
has to be reduced to the New Jersey 
Department of Health requirement of 
a maximum composite B.O.D. of 60 
p.p.m. in the plant effluent. 


-Strength of Screened Wastes 


Flow (m.g.d.) 


B.O.D. (p.p.m.) B.O.D. 


Product Processed 


Peas 

Beets and corn 
Lima beans 
Potatoes 
Spinach 


Max } Av. 


| Max | Min 


8,100 | 822 
28,785 | § 
18,920 | 3,840 
5,400 | 11,050 | 
8,350 | 14,750 | 


131 4.5 | 3,290 
15,150 
8,960 | 


: 

To 

Filter Plants Head Box 

Compressed Air Orifice a 

Flow 

10 gePome 

Aeratio’ Serdened ia 

waste 

Chemical Feeders 

a 

: | Max | Min. Ay. | 

| 8.30) 3.70 | 678 | 

: 8.18 | 11.50 | 5.50 | 2225 | | he 

7.56 | 11.70 | 3.61 | 1420 | 

a | 2.76 | 4.36 | 1.35 | 227.0 | 450 | 120 A 

3.58 | 137.0 | 300 48 
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Primary Settling Tank 
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To High- 
Rate Filter 


Domestic sewage 
Feeder 


Pump 
10 gePeome 


Secondary Settling Ser@ened 


Recirculation 1:1 Pump 


Dom. Sewage 


Tank 


Discharge 
2 


Figure 2.—Flow diagram for high-loading, deep filter pilot plant. 


Table II shows the chemical coagu- 
lation efficiency. This method was very 
good in removing suspended solids, but 
poor in B.O.D. removal. Inasmuch as 
90 per cent of the total solids are dis- 
solved solids, it is readily apparent 
why chemical treatment is not ade- 
quate. This part of the study was 
stopped November 9, 1949. 

The efficiency of the primary settling 
tank is shown in Table III. Primary 


| 
Prechlorination | 
(p.p.m.) 

Products | 


Processed 


Appl. | Resid | Al 
None 44.3 
Beets and corn None 65.2 
Lima beans None 
Lima beans and spinach | 14.22) 0.98 


Peas 


21.6 


TABLE II.— Efficiency of Chemical Coagulation 


Coagulants 
(p.p.m.) 


38.8 | 


sedimentation may be expected to re- 
move about 75 per cent suspended sol- 
ids and about 25 per cent B.O.D. 

Table IV shows the deep filter load- 
ing and the resulting effluent. This 
method seems quite adequate and meets 
the required effluent purity. This por- 
tion of the pilot plant was stopped 
September 30, 1949. 

Figure 4 shows the daily B.O.D. load- 
ing of the high-rate biofilters and the 


B.O.D 


(p.p.m.) 


Susp. Solids 
(p.p.m.) 


Removal 
| (%) 


Inf. | Eff | Bop 


18.3 | 


41.9 | 
195.8 
121.2 

8 |130.5 | 89.4) 
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TABLE III.—Efficiency of Primary Settling Tank (Effluent Applied to 
Deep and High-Rate Filters) 


B.O.D. (p.p.m.) Susp. Solids (p.p.m.) Removal (%) 
Products 


Processed 


Inf. | Effi. | B.O.D. Ss. 

Peas | 678 | 494 | 948 | 220 | 272 | 768 

Beets and corn | 2225 | 195.0 | 259.3 68.2 | 123 | 73.8 

Lima beans 142.0 | 1245 | 1465 585 | 123 60.0 

Potatoes 225.0 | 140.0 160.5 230 | 378 | 857 

Spinach 130.5 89.4 212.0 63.0 | 31.5 70.3 
resulting effluent B.O.D. and per cent Operation Procedures 


B.O.D. removals across the filters and 
the secondary settling tanks. This unit The deep and high-rate biofilters 


gave a satisfactory effluent. were seeded with settled domestic sew- 

Table V shows how the three meth- ge from June 1 to June 16, 1949. 
ods compare according to the vegetable Figure 2 shows the method of applica- 
being processed. tion. During the peak of corn pro- 


Primary Settling Tank 


To De 
Flow EePele 


Pump 
10 gep 


High-Rate 
Trickling Filters 
2 @ 0" X Deep te 


Design loading 1.75 lbs. 
B.O.D. per Yde 


Discharge, 2 


Recirculation 2 geDeme Pump 
FIGURE 3.—Flow diagram for high-rate filter pilot plant. 


og 
= 
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: orifi Dom. Sewage 
: Feeder To ° 
Box 
Coagulatfion Plant 
eDelle 
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2 Secondary Settling Tanks . 
| 
I 


SEWAGE 


Filter Influent 


B.O.D. 


Product | 

(p.p.m.) 


(p.p.m.) | 


49.40 
195.00 
124.50 


22.00 
68.20 
58.50 


Peas 
Beets and corn 
Lima beans 


9,625 


Across filter and secondary settling tank. 


duction, when tests showed the waste 
water was deficient in nitrogen, 
tled domestic sewage was applied at 
the rate of 30 ¢.p.d. to each filter plant. 
Full quantities (2 g.p.m.) of domestic 
sewage were applied on days when 
there was no food processing to keep 
the filters active. 

The breaks and dotted lines in Fig- 
ure 4 are due to the negative B.O.D. 


set- 
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| Loading 
Susp. Sol.) lb. ‘a.-ft 


2,477.5 


6,141.5 
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Sec. Settl. Tank Eff. 


Removal! (%) 
Ratio B.O.D 


p.p.m.) 


culation 
8.8. 


B.O.D. | SS 


12.7 
33.8 
21.6 


53.2 
69.6 
74.0 


results obtained during this period in 


July caused by two 55-gal. diversion 


tanks located between the primary set- 
tling tank and metering boxes. Drums 
of this size would hold sewage for 25 
min. or more. During this period, tem- 
peratures were 90° to 125° F. on the 
roof of the main building. It seems 
reasonable, therefore, that these tanks 
served as incubators and that there was 


80 


| 


% REMOVAL B 
CROSS FILTERS 


& SEC. BETTLIN 


PPM. B.0.D. FINAL EFFUUENT 


A 


yp 
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FIGURE 4.—High-rate filter performance. 
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: TABLE IV.—Efficiency of Deep Filter and Secondary Settling Tank [ 

————| BOD. | Recir- : 

— 0 23.1 | 42.2 

32.4 | 63.0 

; 4 
20 
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TABLE V.—-Comparison of Chemical Coagula- 
tion, Deep Filter, and High-Rate Filter 
Methods 


Biochemical Oxygen Demand 
(p.p.m.) 


Products | Final Effluent 
| 


Processed 


| Influent 


| 
Chem. | Deep | — 
Coag Filter | 
Peas 67.5 30.4 23.1 IS.S8 
Beets and corn | 222.5 | 195.8 | 59.1) 31.5 
Lima beans 142 121.2 | 32.4 | 31.0 
Potatoes 
225 9), - 21.8 
Spinach 225 
Over-all 152 111.45 | 38.2 | 25.8 


a large increase in bacterial activity, 
which caused the depletion of dissolved 
oxygen in the B.O.D. test. The 55-gal. 
drums were replaced by 5-gal. pails 
on July 20, 1949. More reasonable re- 
sults were immediately obtained. 


Conclusions 


The experimental data obtained from 
more than 4,000 separate chemical and 
biological tests and from the operation 
of the three separate methods of indus- 
trial waste treatment bring out the 
following conclusions: 


1. The chemical coagulation type of 
treatment showed the effluent to be in 
excess of that required by the State 
Department of Health. 

2. The deep type high-loaded filter 
would produce a satisfactory effluent, 
but only with loadings as high as 12,000 
to 17,000 Ib. of B.O.D. per acre foot 
per day. These loadings would be in 
excess of that recommended by the 
Department of Health. 

3. The high-rate biofilter type of 
treatment would be the most economi- 
cal and will produce an effluent satis- 
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factory to the State Department of 
Health. This type would be more flex- 
ible to handle the varying loads pro- 
duced by the wastes from the proces- 
sing plant. The loadings on the high- 
rate biofilter would be at the maximum 
during corn and beet season, amount- 
ing to 5,000 Ib. of B.O.D. per acre foot 
per day. 

4. The retention periods and over- 
flow rates for the settling tanks being 
75 min. and 1,578 gal. per sq. ft., re- 
spectively. 
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Stream Pollution 


WATER SUPPLY AND POLLUTION CONTROL * 


By Ricuarp D. 


Senior Fellow, Mellon Institute, Pittsburgh, Pa. 


An abundant supply of good water 
is more than an amenity: neither life 
nor industry can exist without it. An 
individual can survive for a month or 
more without food, but dies in a few 
days if deprived of water. Industry 
likewise cannot flourish without the 
water required by its enormously di- 
verse and complex operations. 

Rivers, lakes, and ground water com- 
prise a natural resource of primary 
importance to our wellbeing; together, 
they supply the water that civilization 
needs for its manifold activities. Riv- 
ers play an especially useful role in 
world economy. 
highways for 


They provide broad 
transporting raw 
terials and manufactured goods. 
convert 


ma- 
They 
into arable land by 
draining off surplus water, and they 
carry away excess rainfall. 


swamps 


They are 
used to develop electric energy, and 
they vield water to irrigate land that 
would otherwise be unfruitful. They 
assimilate much of the debris of civili- 
zation, and thus permit the growth of 
large urban Finally, they 
satisfy the recreational 
needs for a people whose science and 


centers, 
increasing 


industry steadily create more leisure 
time for 
living. 


everyone who works for a 


It is probable that rivers were used 
for navigation lone before the era of 


recorded history. Through the ages 

* Presented at a meeting of the Division 
of Water, Sewage and Sanitation Chemistry, 
American Chemical Society; Los Angeles, 
Calif.; Mar. 16, 1953. 


they have been used to promote the 
exchange of and even today 
they are the main commercial channels 
in many parts of the world (6). There 
is excellent evidence (18) that irriga- 
tion has been practiced from the time 
early man first congregated in agrarian 
communities. The Code of Hammu- 
rabi (5) provided for regulation of 
irrigation to prevent flood damage due 
to negligence. It also placed responsi- 
bility upon local interests for main- 
taining dikes to protect against over- 
flow of rivers (6). This great legal 
monument (c. 1900 B.C.) codified laws 
under which highly civilized societies 
had lived for The wide- 
spread use of rivers for water power 
is a product of the machine age, there 
being no evidence that water was used 
extensively for until modern 
Flowing water has always been 
used as a convenience for disposing of 


eoods, 


centuries. 


power 
times. 
wastes. This practice was rarely ob- 
jectionable until installation of mu- 
nicipal sewer svstems began about a 
century ago. As centers of population 
expanded, the increased volume of sew- 
age and industrial waste caused serious 
stream pollution problems. It is the 
purpose of this paper to discuss vari- 
ous aspects of the relationship between 
water supply and pollution control. 


Distribution of Water 


The water on the surface of the 
earth, and the free water in its crust. 
from rainfall. It is obvious 
then, that the amount of precipitation 


comes 
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on a region depends upon the climate 
it enjoys. Data from major parts of 
the United States indicate that there 
has been a gradual decrease in precipi- 
tation and increase in temperature 
over the past 50 years, but there is 
no reason to believe that this tendency 
will continue indefinitely (8). Warm, 
dry periods have always been followed 
by cooler, wetter ones. 

The world pattern of climate de- 
pends primarily upon the amount of 
oceanic cover and the size, configura- 
tion, and distribution of land masses. 
We are living in a period of geologic 
revolution that began some 30,000,000 
years ago (15)(17). Crustal unrest 
and glaciation are features of such pe- 
riods, and mankind has never experi- 


enced the ‘‘normal’’ climate of the 
geologic climatologist. Rather wide 
fluctuations in climate from time to 


time at a given place have been ob- 
served. This has led to many attempts 
to explain climatic changes in terms 
of recurring cycles, but there has been 
no proof that short-term fluctuations 
are other than random occurrences. In 
the present state of knowledge, there- 
fore, long-term forecasts of the weather 
are impossible, and water supply 
projects must be planned on a basis 
of statistical probability. 

This country does not have as wide 
average extremes of precipitation as 
occur in the rest of the world. For 
the world, average annual rainfall 
ranges from less than 5 in. in desert 
regions to more than 450 in. on the 
Assam plateau (7). The maximum 
rainfall recorded in one year was 905 
in., of which 366 in. fell in one month 
(Cherrapunji, India, 1861). Extremely 
high rates of precipitation of relatively 
short duration have occurred in many 
parts of the world. In the United 
States, the annual range is from less 
than 5 in. in the Southwest to more 
than 100 in. in the Pacifie Northwest. 
The average annual rainfall for the 
whole country is 30 in. (19), of which 
20.5 in. quickly returns to the atmos- 
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TABLE I.——Variations in Water Availability 


j 
Item Maine | Ohio | Ariz.) U.S 


j 
| 

|} 

Av. annual rainfall (in.) 

| 


40 38 14 30 
25 12 0.7) 8.5 


Av. annual yield (in.) 25 
63 32 


phere through evapotranspiration, and 
8.5 in. runs off to streams or percolates 
into the ground-water table (1). <Av- 
erages can always be misleading, how- 
ever, because no area is immune from 
occasional droughts or floods. 

The United States has an area of 
3,026,789 sq. mi. Assuming an average 
annual runoff yield of 8.5-in., the wa- 
ter available for all uses would be 4.5 X 
10" gal. per year. This compares with 
an estimated daily requirement for all 
water needs, including irrigation, of 
1.7 x 10" gal. The fact that the aver- 
age water yield from rainfall is about 
7 times the daily need shows how 
abundantly this country is supplied, 
but it obscures the significance of rain- 
fall distribution. The water supply 
problems of the United States result 
largely from poor distribution of wa- 
ter, both in time and place. The di- 
versity of water supply is well illus- 
trated in Table I (3), which compares 
the hydrologic characteristics of Maine, 
Ohio, and Arizona with the average for 
the nation. 

Ground water is a very important 
factor in water economy. It not only 
provides the water that is withdrawn 
from wells, but it regulates the flow 
in streams. It has been estimated that 
between one-third and two-fifths of 
the rainfall runoff has passed through 
ground-water reservoirs before enter- 
ing streams (8). 


Water Requirements 


It has been estimated that an aver- 
age of 170,000,000,000 gal. of water was 
withdrawn daily from the ground, 
streams, and lakes in 1950. An addi- 
tional 1,100,000,000,000 gal. was used 
to generate hydroelectric power. 

An accurate estimate of the net 
withdrawal of water is quite difficult. 


5 | 28 
é 
j 
A ut 
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TABLE II.—Estimated Withdrawal Use of 
ms per Day 


Ground } Surtace 


Water | Water 


0.706 
10.056 
50.326* 


68.486 


Rural 
Municipal 
Industrial 


Irrigational 88.690 5 


Potal 32.171 135.574 | 170.745 100 
| 
* Fresh water only; in addition, 12.635 x 10° 
gal. of brackish water were used by industry. 


Considerable water is withdrawn, used, 
and discharged to a stream, or to the 
vround, only to be withdrawn again. 
In a number of instances the entire 
flow of a stream is used several times 
by successive establishments. The esti- 
mated withdrawals of surface and 
eround water in 1950 are listed in 
Table II (11). The estimate of mu- 
nicipal use is probably the most ac- 
curate, and that of industrial use the 
least. Some water has been counted 
several times, because each withdrawal 
was added to the accumulated total 
without regard to previous use up- 
stream. Water recirculated in a plant, 
and therefore used several times, was 
counted only once. 

Industrial plants using in excess of 
10 m.g.d. account for 80 per cent of 
industrial water withdrawals (20). 
Among large users, more than 50 per 
cent of the water intake is used for 
cooling. In the steel industry, for ex- 
ample, it is estimated that roughly 75 
per cent of its large water withdrawal 
is used for cooling alone. 
only about 25 per cent 
requirement of small 
used for cooling. 

A selected list of industrial water 
usages, in terms of manufacturing 
Table IIT (10) (13) 
(20), which discloses the great varia- 
tion in the water requirements of dif- 
ferent industries, even though the cus- 
tomary production units are not 
directly comparable. Of more signifi- 
cance is the revelation of wide differ 
ences among manufacturers of similar 
products. Although water consumption 


By contrast, 
of the water 
enterprises is 


units, is given in 
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is related to product quality and type 
of process, opportunities for a reduc- 
tion in water usage appear to be evi- 
dent. 

The heaviest consumer of fresh wa- 
ter is irrigation. In 1950, the 
26,000,000 acres of irrigated land in 
the United States received about 50 
per cent of the fresh water withdrawn 
(3), and nearly one-third of this huge 
volume came from wells. Although 
some of this water percolates into 
eround-water reservoirs or runs off 
to streams, most of it is evaporated 
directly or transpired. Irrigation is a 
relatively uneconomic use of water. 
There 20,000,000 acres of 
potentially irrigable land in the West, 
but the steeply rising cost of bringing 
water to such regions suggests that the 
available water should be applied to 
more productive uses. 

Municipal use of water is small, as 
compared with the volume needed in 
irrigation and industry. In 1950, mu- 
nicipal consumption of water averaged 
145 g.p.d. per capita, but this figure 
includes water for fire protection, street 
flushing, business, and manufacturing 


are some 


TABLE III.—-Industrial Requirements for 
Water 


} Water 
Industry (gal. unit) 
Beverage: 
Beer 
Soft drink | Case 2.5 
Whiskey 80 
Canning (all kinds) 2 3 to 250 
Coke 3,600 
Dairy: Milk, cream, butter 11 to 25 
Gasoline 357 to 1,050 
Manufactured ice 240 to 9,000 
Onl refining 770 
Paper: 
Paper and paperboard 


all kinds) 


298 to 2,500 
OR 


39,000 to 90,000 
5,000 to 85,000 


52 to 170 
Ton coal | 60,000 to 120,000 
Slaughterhouse Hog 5.5 toll 
Soap Ton 500 
Steel (finished) 65,000 
Sugar Refining 
Cane 
Beet 
Tanning 
Textile: 
Cotton goods | Lb 28 to 40 
Woolens | Lb 70 
Rayon yarn 125 to 200 


1,000 to 28,000 
24,000 to 34,000 
8 


‘No. 2 cans. 
2 Pounds of raw hide. 


4 = 
| 
Use |" | % 
| 2.858 3.564] 2 
3.584 13.640 | 
4 5.525 64.851 | 38 wis 
wae 
: 
od 
$855 
ints 
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Most of the water used for air-con- 
ditioning is drawn from private wells, 
because such water normally has a 
lower temperature than the commun- 
ity supply. The increasing popularity 
of automatic washing machines and 
domestic air-conditioning units may 
presage a time when the demand on 
public supplies will expand consider- 
ably. 

In a technical sense, the use of water 
for generation of hydroelectric power 
might be considered a withdrawal use. 
But the water is withdrawn for only 
the brief time needed for it to pass 
through the turbines. Except for ab- 
straction of a portion of its potential 
energy, it is no way altered. Genera- 
tion of power from water, however, 
indirectly results in a consumptive use 
through evaporation from the reser- 
voirs impounded behind power dams. 
Loss of water by evaporation is a 
function of a number of factors, 
among which are the temperature of 
the water, the humidity of the air 
above it, insolation, wind velocity, and 
atmospherie pressure. A number of 
empirical formulas have been derived 
from experimental studies for estimat- 
ing evaporation loss, but data from 
actual impoundments are scanty. That 
loss of water in this manner may be 
very large is revealed by observations 
made on bodies of water in Texas and 
Arizona. The average of three sources 
of data show losses ranging from 2.6 
to 9.8 in. per month (January and 
July) (6). 


Nonwithdrawal Use of Water 


Water has a high economic value for 
several important uses that do not re- 
quire it to be withdrawn from streams. 
Among these are navigation, recrea- 


tion, wildlife conservation. and waste 
disposal. 

The economic importance of water- 
borne commerce is shown by the com- 
parison of various means of freight 
transport given in Table IV (14). 
surface water 


Recreational use of 
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TABLE IV.-Domestic Freight Traffic (1948) 


Traffic 
Carrer 
| (108 ton-mi.)| (% 
Railways* 641,104 | 62.7 
Great Lakes 118,707 | 11.6 


43,123 4.2 
100,140 9.9 
118,676 


1,021,750 


Inland waterwayst 
Highways 
Pipelines 


Total 


* Does not include express, mail, and electric 
railway traffic. 

+ Does not include coastal and intercoastal 
traffic. 


provides an anodyne for the strains 
of modern living. American industrial 
technology constantly strives to pro- 
duce better goods at lower prices. This 


industrial objective steadily raises 
standards of living, including an 
abundance of leisure time. Fishing, 


swimming, boating, and camping pro- 
vide opportunities for salutary use of 
leisure, but such activities require 
clean water for healthful enjoyment. 
A state can have no more valuable 
asset than appealing recreational areas. 
This is demonstrated by the growing 
economic importance of the tourist in- 
dustry. Commercial fishing is a sig- 
nificant factor in the economy of sev- 
eral states, and wildlife propagation 
benefits the national interest. 

The use of water for final disposal 
of liquid wastes is an essential one. 
Large communities could not exist if 
streams or tidewater were not avail- 
able to carry away their waste water. 
There is nothing improper in this 
method of waste disposal, but difficult 
problems arise when water is called 
upon to assimilate a volume of waste 
that exceeds its capacity for self- 
purification. When streams are over- 
taxed with pollutants, the water be- 


comes unfit for other uses. This is a 
wasteful use of a valuable natural 
resource. Streams flowing through in- 


dustrial regions should not be expected 
to carry water of the same quality as 
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those draining agricultural land. But 
there is rarely a valid excuse for per- 
mitting streams to become so degraded 
that they are an offense to common 
decency. Good citizens all agree that 
pollution should be controlled. Never- 
theless, development of controls that 
truly serve the best public interest is 
a difficult technical problem. 

Stream pollution, as a national prob- 
lem, did not occur suddenly. It has 
increased more or less gradually, some- 
times almost imperceptibly, over the 
past century. Actually, the jobs cre- 
ated by industrial expansion were 
much more important to the public 
than any pollution that might result. 
Twenty-odd years ago, however, the 
general public aware that 
stream pollution had become a serious 
problem in many parts of the country. 
Aroused groups demanded and got leg- 
islation to halt stream degradation. 
Some laws wisely gave a sensible degree 
of discretion to the regulatory agencies 
they established; the requirements of 
others were rigid for strict en- 
forcement. Rational control of stream 
pollution can be exercised only by a 
thorough understanding of the many 
technical, economic, and societal fac- 
tors that affect the publie interest. 
The strenuous activity of numerous 
untutored groups has understandably 
resulted in 


became 


too 


considerable misdirected 


effort. 
Two significant facts were appar- 
ently forgotten in the clamor for 


In the first 
place, laws alone are inadequate to 
bring about pollution abatement. 
Stream pollution is such a complex 
problem, with so many diverse rami- 
fications, that no rational person could 
expect it to be 
istence. It is 


stringent legal measures. 


legislated out of ex- 
easy to demand that 
pollution cease forthwith: it is difficult 
to explain how this can be done. Legal 
restraints were fought for by well- 
intentioned, but often ill-informed 
conservationists. Too frequently they 
were so busy saving other people’s 
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rivers that they could not see the dis- 
charge of raw sewage from their own 
communities. The customary reluc- 
tance of municipalities to install sew- 
age treatment plants is well-known, 
and even understandable. The hesi- 
tancy of governments to require com- 
pliance with the law in such eases is 
equally understandable, although more 
discreditable, because it is often based 
on political considerations. Under 
such circumstances, industry could 
scarcely be expected to be enthusiastic 
about building costly plants to treat 
its waste waters. Fortunately, the mis- 
trust that was generated by inequitable 
enforcement of anti-pollution legisla- 
tion in years past is slowly disappear- 
ing. This has about through 
recognition of the fact that the source 
of pollution has no bearing on its ef- 
fects. As a result, as much pressure 
is gradually being exerted to abate pol- 
lution from domestic sewage as from 
industrial wastes. More significant is 
the increasing degree of cooperation 
between industry and regulatory agen- 
cies in an effort to understand each 
other’s problems. This approach to a 
difficult situation is one that should 
have been adopted long ago. 


come 


In the second place, many conserva- 
tionists seem to hold the curious idea 
that conservation is synonymous with 
saving through non-use. They regard 
the discharge of any kind of waste 
water into streams as a sort of deseera- 
tion. True conservation 
ductive use of natural resources for 
the benefit. Forests of the 
United States provide an instructive 
example of productive use of a renew- 
able The wasteful timber- 
ing operations of the past are rarely 
practiced today. Modern silvicultural 
techniques demonstrated that 
woodland can yield more timber than 
formerly, and, at the same time, keep 
forests healthier than they were be- 
fore their trees were cut. 


means pro- 


common 


resource. 


have 


In the same 
way, streams can perform their neces- 
sary 


economic function of assimilat- 
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ing wastes, without destroying their 
value for other uses. 


What is Stream Pollution? 


Pollution is difficult to define pre- 
cisely. This is due partly to the lack 
of knowledge, and partly to the fact 
that definitions usually reflect the aims 
of those who do the defining. But all 
definitions contain the basic idea that 
pollution really means the presence of 
so much of something in streams that 
it interferes with their use for a par- 
ticular purpose. It is this concept 
that causes trouble for the definition- 
makers. What is called pollution un- 
der one set of conditions would not be 
considered to be pollution under dif- 
ferent conditions. Definitions of pol- 
lution thus derive from priorities of 
stream uses, and these depend upon 
stream location. Therefore, no uni- 
versally applicable definition is pos- 
sible. All-inclusive definitions are con- 
venient administrative devices, how- 
ever, and some laws contain them. If 
improvement in water quality is the 
objective of anti-pollution legislation, 
rigid definitions should be avoided. 
They prevent the flexibility in ap- 
praisal of effects that is essential for 
control of pollution in the broad pub- 
lie interest. Too often they become 
substitutes for thoughtful analysis of 
difficult problems. 

Definitions must be simple if they 
are to be both equitable and effective. 
The problem of practical definitions 
was recognized by the authors of the 


California anti-pollution legislation 
when they defined three categories 
of pollution (2). ‘‘Contamination’’ 


means hazard to public health; ‘‘pol- 
lution’’ means adverse effects on other 
beneficial uses; and ‘‘nuisance’’ means 
damage from unreasonable disposal 
practices. If the basic concept behind 
all definitions is kept in mind, how- 
ever, further simplification is not only 
possible, but desirable. Pollution is 
the discharge of material that un- 
reasonably impairs the quality of wa- 
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ter for maximum beneficial use in the 
over-all public interest. The latitude 
of such a definition requires an agency 
to do more than apply a set formula. 
It insists upon a proper determination 
of the maximum public interest and 
the unreasonableness of the impair- 
ment. It may be argued that decisions 
on these points would be difficult or 


impossible. This is the objection of a 
lazy mind. Any good consulting en- 
gineer can examine a given situa- 


tion, determine the optimum public 
interest, establish the degree of cor- 
rection required, and support his find- 
ings with figures instead of specula- 
tions. It may also be maintained that 
such a definition would hamper ad- 
ministration of the law and that eva- 
sions would be widespread. This is the 
excuse of those who prefer rules to 
reason. The most effective tool of 
anti-pollution administrators is edu- 
cation—not the threat of legal reprisal. 
Legal backing will always be needed 
to deal with recalcitrants, but at least 
one highly industrialized eastern state 
made remarkable progress in pollution 
abatement without an anti-pollution 
law. 


Are Water Quality Criteria Valid? 


It is rather surprising to observe the 
steady stampede to so-called standards 
of water quality. It is amazing to ex- 
amine the methods sometimes used to 
prepare them. Many rest upon a doubt- 
ful scientific foundation, and some are 
purely speculative. 

Standards bring a sense of comfort 
and satisfaction to those who adopt 
them. They seem to simplify difficult 
problems; they comprise a kind of 
benchmark that provides a permanent 
and quasi-legal datum. It is just this 
connotation of permanence that im- 
pairs whatever usefulness they may 
have. The illusion lies in their gen- 
erally unsound basis, and in the usu- 
ally unexpressed conviction that, once 
established, they need never be altered. 
Industry and regulatory agencies alike 
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must share the responsibility for seek- 
ing standards in the expectation that 
they will help solve their problems. 
There is an excuse for industry’s de- 
sire for water quality standards, be- 
cause it is accustomed to manufactur- 
ing products to strict specifications. 
But the agencies should know better. 
They should know that fixing a justi- 
fiable standard is vastly more difficult 
than defining pollution. It is true 
that few agencies have the resources 
or the personnel to make the investiga- 
tions required to set standards of any 
kind, but this situation should be a 
warning instead of an encouragement. 
Instead, they often sacrifice the public 
interest to administrative expediency. 
This criticism by no means implies 
that regulatory agencies are insincere, 
or that they are not trying to do their 
job well. Sometimes they cannot re- 
sist public insistence on adoption of 
standards, and sometimes their statutes 
are interpreted to require them. It 
does suggest that they re-examine their 
position. As experts in stream sani- 
tation they should guide public and 
legislative opinion to sound basic prin- 
ciples. 

A little reflection will show clearly 
why water quality standards of the 
usual sort are inequitable when ap- 
plied uniformly over a considerable 
area, such as a state. Our knowledge 
of the specific effects of most substances 
on particular uses of water is quite 
sketchy. Where stream ecology is con 
cerned, dependable data are appallingly 
meager. The effects of synergism and 
antagonism on stream biota are clearly 
recognized, but little is known about 
the mechanism through which their in- 
fluence is exerted. Methods for asses- 
sing the capacity of streams for as- 
similating organic matter are eradu- 
ally being refined into practical tools. 
But the rates at which most other 
material is rendered innocuous as a re- 
sult of natural phenomena are un- 
known. The constituents, strength, and 
volume of waste water 
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wide range, and their effects are enor- 


mously diverse. In view of the un- 
certain knowledge of the effects of 
specific substances, even under con- 
trolled conditions, establishment of 
uniform standards for a large area 


cannot be in the best public interest. 

Where substances are known to be 
toxic or to be deleterious in other 
ways, regulatory agencies have an un- 
fortunate tendency to rule that such 
substances must be eliminated com- 
pletely from effluents. Obviously, this 
simplifies the task of the agency’s per- 
sonnel, but it is just as obviously un- 
justifiable, either scientifically or eco- 
nomically. For example, one agency 
has ruled that cyanide must be zero 
in any effluent. Although soluble eya- 
nides are toxic, even in low concentra- 
tion, there is a limit below which they 
are harmless. It has been reported 
that concentrations below about 0.1 
p.p.m. have no adverse effect on fish. 
Nonetheless, an industrial plant dis- 
charging waste water containing 0.005 
p.p.m. of cyanide has been told to 
provide facilities for complete removal 
of this minute amount of cyanide, de- 
spite the fact that healthy fish ean be 
seen daily in the pool created by the 
discharge. The same agency has sur- 
passed those who have set a standard 
of 5 p.p.b. of phenol after dispersion in 
the receiving water: it requires that 
phenol be completely eliminated from 
all effluents. Phenol causes an ob- 
jectionable taste in water at a very 
low concentration, but streams can as- 
similate about 1,000 p.p.b. in 24 hr. 
Such strict requirement is thoroughly 
unrealistic. 

These illustrate the ex- 
tremes to which the yearning for fixed 
standards can lead. It is significant 
that an exhaustive survey of water 
quality eriteria, recently published by 
the State Water Pollution Control 
Board of California (21), recommended 
that no attempt be made to establish 
standards of water quality. It recom- 
mended instead, that each pollution 
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problem be evaluated separately in the 
light of local conditions. These con- 
clusions were based upon a study of 
2,350 references in the literature of 
water quality control. Four years 
earlier, the Ohio River Committee (12) 
had reached a similar conclusion. 


Rational Use of Water Quality 
Criteria 


It might be inferred from this eriti- 
cism of standards that criteria of water 
quality are quite useless as means for 
controlling pollution. This would be 
a false assumption. The fallacy of 
standards arises from attempts to ap- 
ply them arbitrarily to large areas 
without considering local conditions. 
Streams are used for many beneficial 
purposes, and quality requirements 
vary widely at the actual point of use. 
The term ‘‘point of use’’ must be 
construed broadly. It may range from 
a public water supply intake to a rela- 
tively long stream section serving pri- 
marily for recreation. The best public 
interest will be served by limitations 
placed upon discharge of pollutants 
only if the quality of water required 
for maximum beneficial use is first 
established. 

Setting quality criteria, even for a 
specific stream function, is not often 
an easy task. For example, Wolman 
(22) has ealled attention to adjacent 
states where one approves a density 
of B. coli in water for swimming which 
is 500 times as high as that regarded 
as safe by its neighbor. And Hubbs 
(9) has expressed the opinion that, 
where fish are concerned, any definite 
limit of dissolved oxygen would have 
to be set without scientific foundation. 

In spite of the difficulty of reaching 
full agreement upon definite values for 
specific criteria, it is possible to choose 
limits, based upon a thorough survey 
of local conditions, that could reason- 
ably be expected to provide water of 
appropriate quality for particular 
stream uses. The question of density 
of coliform organisms in water suit- 
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able for bathing could be resolved by 
an inspection to determine whether the 
bacteria came principally from fecal 
or from natural sources. It is known 
that healthy fish depend upon a varied 
and balanced microbiota, and knowl- 
edge of the conditions under which de- 
sirable organisms thrive would suggest 
a proper level of dissolved oxygen for a 
given stream section. In the same man- 
ner, a careful examination of the spe- 
cial requirements of a particular water 
use would lead to selection of limits 
that would protect that use. All that 
is needed is a willingness to study 
every situation carefully, with the in- 
tention of choosing the best possible 
criteria for each. The real objective 
of stream pollution abatement is not 
merely to prevent an increase in pol- 
lution, but to effect a gradual improve- 
ment in water quality. For this reason, 
and because of the paucity of depend- 
able data, use of a sensible factor of 
safety in setting quality criteria is 
perfectly logical. This does not mean 
that criteria should be selected that 
will protect a stream section from 
every conceivable future development 
on its banks. Protection should be 
afforded only for current usage and 
for developments actually expected in 
the foreseeable future. 


Procedures for Pollution Control 


There would be no pollution prob- 
lem if it were not for the ineluctable 
laws of economics. This hard fact 
cannot be overcome, even by the most 
repressive legislation. In spite of a 
naive illusion to the contrary, the cost 
of pollution abatement must finally 
be paid for by the public, whether 
treatment works are built by govern- 
ment or by industry. Moreover the 
law of diminishing returns operates as 
effectively in the waste treatment field 
as it does in business. Therefore, pol- 
lution abatement requirements should 
be examined in terms of their true 
value versus their real cost to all the 
people. Such intangibles as esthetic 
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appreciation and _ recreation cannot 
readily be valued in monetary terms, 
but it is always pertinent to inquire 
whether measures taken to protect 
them are not more restrictive than 
they should be. It is not generally 
recognized that the cost of removing a 
viven substance from a waste usually 
rises exponentially as the degree of 
elimination approaches zero. 

The only defensible way to decide 
upon measures to correct any pollu- 
tion problem is to survey the real needs 
of the region in which it occurs. This 
means a determination of the quality 
of water actually required to serve the 
optimum local interest. It does not 
mean mere preservation of the status 
quo. Streams have unneces- 
sarily degraded in many areas, and they 
should be restored to a condition con- 
sonant with reasonable local aspiration. 
But corrective measures applicable to 
recreational areas can never be justi- 
fied for regions that are primarily in- 
dustrial. The cost of waste treatment 
must always be weighed against the 
discernible benefits it will provide. 

An intensive survey of all factors 
affecting water usage in an area is the 
only sound way to decide upon meas- 
ures that will provide appropriate wa- 
ter quality. It that de- 
fensible cannot be made 
until data on which to base them have 
been collected. Such a survey should 
include a tabulation of the constitu- 
ents of wastes being discharged eur- 
rently, their quantity and normal 
range of fluctuation, and their 
graphical distribution. The assimila- 
tive capacity of the stream should be 
evaluated in terms of present and 
foreseeable loadings; this determi- 
nation should take into account every 
factor that might exert a significant 
effect. The survey must also assemble 
dependable data on the volume of wa- 
ter used, who uses it, and for what 
purpose. Water uses that are actually 
expected in the immediate future 
should be estimated. Suitability of 
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the water for existing needs could then 
be established. If the water were un- 
satisfactory in one or more respects, 
the steps that would be needed to 
bring about a desirable degree of im- 
provement could be decided. Compre- 
hensive surveys of this kind are rather 
expensive and time-consuming, and 
they must be made by competent per- 
sonnel. But there is no simpler method 
that will yield a truly equitable basis 
for pollution control. 

Regardless of the thoroughness of a 
comprehensive survey, its long-term 
effectiveness as a means for regulating 
pollution is limited by two factors. 
Few industries, especially in the chemi- 
cal manufacturing field, can predict 
all their future operations with cer- 
tainty, and day-to-day variations in 
operation are not abnormal. In addi- 
tion, other waste-producing industries 
may wish to locate in the area sur- 
veyed. The capacity of streams for 
self-purification is largely a function 
of the volume of water they carry. 
This is controlled by the climate of 
their drainage basins, and rainfall va- 
ries considerably in most localities 
from year to year and season to season. 

The first difficulty can ordinarily 
be handled satisfactorily in two re- 
lated ways. When local quality cri- 
teria are to be established, values 
should be chosen to provide a reason- 
able margin of safety. In addition, 
provisions should be made for occasion- 
ally exceeding the criteria for a lim- 
ited time. If new industries plan to 
locate in areas that have already been 
evaluated, where stream capacity is 
fully allocated they must be prepared 
to install exceptionally complete waste 
treatment. This may impose a serious 
penalty under some conditions, but the 
only alternative would be to force the 
industries that were there first to in- 
crease the effectiveness of their waste 
treatment. Such problems can be quite 
complex. They can best be settled 
through arbitration among local inter- 
ests assisted by engineering experts. 
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The second difficulty can be resolved 
by application of statistical techniques. 
Although there are no reliable methods 
for predicting long-range climatic 
changes, records of past conditions pro- 
vide satisfactory statistical guides to 
future expectations. It is economically 
impossible to protect a stream against 
every conceivable climatic condition. 
Rational controls must be based upon 
some normal value for stream flow 
which, in turn, will fix assimilative ca- 
pacity. This normal value, which will 
include several factors in addition to 
flow rate, should be so chosen that un- 
desirable conditions will be unlikely to 
occur oftener than once in a selected 
number of years. The tolerable fre- 
quency of occurrence of unsatisfactory 
conditions can be decided only by the 
local economy of an area. A span of 
5 to 10 years is usually regarded as 
a sound design basis, but special cir- 
cumstances may demand a longer pe- 
riod. Where commercial fishing is an 
important aspect of the local economy, 
for example, a design period of 20 to 
30 years may be warranted. 

In highly industrialized regions, al- 
location of assimilative capacity pre- 
sents a difficult problem. One solution 
would be to apply the principles 
evolved by the Joint Committee for 
determining fair charges for treating 
combinations of sewage and industrial 
wastes, as outlined by Schroepfer (16). 
This might be done by using net as- 
similative capacity as the equivalent 
of capital, and apportioning it among 
the contributors in much the same way 
as the cost of operating a treatment 
plant is distributed. Camp has pro- 
posed an interesting device (4) which 
deserves careful study. He suggests 
that a public agency own and operate 
all treatment works in a given area, 
and that the contributors be assessed 
in terms of the cost of treating the 
waste from each. There would be 
numerous advantages in such a scheme. 
Industry would be relieved of the man- 
agemental distractions of building and 
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operating treatment works, and the an- 
nual assessment could be deducted 
from net income as an operating ex- 
pense. A public agency could finance 
construction of facilities with long- 
term, low-interest bonds; provide com- 
petent technical personnel; and deal 
directly with state or interstate regu- 
latory agencies. Questions concerning 
relative treatment costs could be set- 
tled by arbitration, or by research, 
where necessary. 

The procedures outlined for regulat- 
ing pollution in the best public inter- 
est take time and real effort. Only a 
limited number of comprehensive sur- 
veys could be made in any one year, 
and a great many will be required. 
Regulatory agencies in the meantime 
under pressure from the laws they 
were appointed to enforce, would be 
placed in an awkward position. There 
is one rather simple solution to this 
dilemma which might result in unan- 
ticipated beneficial results. 

A great deal of emphasis, especially 
in industrial areas, has been placed 
upon installation of waste treatment 
plants that will provide the ultimate in 
effluent quality. Elaborate treatment 
usually can be justified only where a 
comprehensive survey has shown it to 
be necessary. It frequently happens 
that a higher degree of treatment is 
insisted upon that the situation appears 
to require. Where convincing data 
cannot be cited, an industry has little 
choice but to accept the agency’s esti- 
mate of what is needed. When a sur- 
vey is finally made, it may show that 
the agency made an estimate based 
upon an unrealistic factor of safety. 

The task of deciding how much 
treatment a given waste will need is 
difficult enough when complete in- 
formation is available. Where data are 
inadequate or wholly lacking, decisions 
ean be better than intelligent 
If the basie object of pollu- 
tion abatement is to be improvement 
of water quality, the emphasis should 
be placed on the stream and not on 


guesses. 
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waste treatment. Where dependable 
data are not at hand, it would be logi- 
cal to require all establishments con- 
tributing to a specific locus of pollu- 
tion to employ various preliminary cor- 
rective measures. In the beginning, 
such steps should be minimal. In many 
eases good housekeeping will result in 
a significant reduction of polluting ma- 
terial. In others, fine screening, sub- 
sidence basins, regulation of rate of 
discharge, chlorination, or similar rela- 
tively simple measures may be ade- 
quate. Where preliminary installa- 
tions are made, they should be planned 
in such a way that additional treat- 
ment units can be conveniently added. 
Enough is known about the effects of 
organic and toxic substances to sug- 
gest that reasonably complete treat- 
ment be provided initially. On the 
other hand, no treatment should be 
required for isolated discharges if they 
do not unreasonably impair the receiv- 
ing water. Some agencies hold the 
odd belief that it would be inequitable 
not to require some treatment of every 
waste, even those that clearly are not 
deleterious. 

The public judges pollution from 
a purely esthetic point of view. Com- 
plaints are made when unsightly con- 
ditions are observed, and these must 
be investigated. It often happens that 
actual pollution is relatively slight, or 
the situation may be transient. If the 
proposal for minimal preliminary re- 
duction in waste load were adopted, 
agency personnel would gain time for 
basic investigations. In addition, these 
initial steps might result in such an 
improvement in water quality that fur- 
ther steps would be relatively minor. 
In many instances, however, additional 
treatment would be needed, but it 
could be designed on a more sensible 
basis than would otherwise be the case. 

Industrial management generally is 
not sympathetic to the idea of step-by- 
step installation of waste treatment. It 
would much prefer to build one plant 
that would guarantee immunity from 
further demands for a long time. AI- 
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though this attitude is understandable, 
it is not economically logical, particu- 
larly since the cost of waste treatment 
facilities must be added to the 
capital structure. Cooperative discus- 
sions with regulatory agencies often 
yield mutually agreeable solutions to 
this kind of problem. 


Conclusions 


Problems in the water resources field 
arise largely from maldistribution of 
rainfall, both in time and place. There 
are many competing demands upon 
available water supplies, some of which 
are mutually exclusive. Decisions upon 
optimum beneficial use of water in the 
broad public interest are difficult to 
make, because they involve technical, 
economic, and_ societal questions. 
Where there is a will to reach sound 
conclusions in the national interest, de- 
pendable data and cooperative discus- 
sions invariably bring them about. 

The use of water for final disposal 
of domestic and industrial wastes has 
created serious problems. Attempts to 
reach simple solutions have often re- 
lied upon establishment of standards of 
stream and effluent quality that have 
been based upon questionable scientific 
data and doubtful engineering judg- 
ment. Arbitrary standards for large 
areas are not in the public interest, 
but quality criteria are useful in pre- 
serving and improving local water 
usage. Comprehensive surveys by 
skilled personnel provide the only satis- 
factory method for sound control of 
pollution in the public interest. Sur- 
veys are costly and require consider- 
able time, but an initial requirement of 
minimal reduction of pollution by each 
contributor to a given locus of pollu- 
tion may simplify the problem of abate- 
ment. 
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raphy of Publications on Industrial 
Wastes Relating to Fish and Oysters,”’ 
the U. S. Public Health Service re- 
cently published a 28-page bulletin 
covering general and specific references 
by industry source, as well as by the 
affected organism. Also included are 


selected references to published tox- 
icity bioassay methods. 

The bibliography is available as 
Public Health Service Publication No. 
270 from the Superintendent of Docu- 
ments, U. S. Government Printing 


Office, Washington 25, D. C., at $0.15 
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PROPOSED TOXICITY TEST FOR INDUSTRIAL 
WASTES 


By ALFRED W. ANDERSON 


Division of Oceanography, U. 


Numerous stream surveys have been 
completed, reporting on the biological, 
chemical, and physical condition of 
fresh-water resources. Numerous meth- 
ods of pollution analysis have been re- 
ported upon, two such tests being those 
proposed by Shelford (1) and Hart et. 
al. (2). Few of the tests are adaptable 
to both fresh-and salt-water problems 
and, therefore, are limited in applica- 
tion. 

As Daugherty (3) emphasized, it is 
desirable to adopt economical stand- 
ard procedures for determining toxic- 
ity limits or minimum lethal dose 
(MLD) levels of discharged industrial 
wastes. The following proposed test 
using fish as test animals has proved to 
be valid in determining these safe 
limits or levels in both fresh and 
marine waters. 

No attempt is made here to ecaleu- 
late the actual discharge rate of a given 
chemical, but rather to present a 
method of determing safe resultant 


chemical concentrations in a body of 


water. Safe rates are determined 
using MLD levels with stream flow, 


eurrents, and dilution factors. 


Procedure 


In order to proceed with a view 
toward economy in operating time and 
money, it is recommended that the 
basic equipment be as simple as pos- 
sible. Eight large aquaria of 30- to 50- 
l. capacity are desirable for the test. 
The essential oxygen can be supplied 
from a regular laboratory air line or a 
portable compressor. Flexible air lines 
are constructed from plastic tubing 
and stone diffusers. Laboratory hose 
clamps are used to regulate the flow of 
air to the test tanks. Covers of cheese 
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cloth or gauze are recommended to pre- 
vent fish from jumping out of the 
tanks. As shown by Daugherty (3) 
and Anderson (4) such factors as 
water temperature and contents should 
vary with the area of operation. The 
test water should duplicate, as nearly 
as possible, the water from which the 
fish are taken. 

The test fish should be limited to as 
few species as possible. They should be 
indigenous to the area of study, easily 
obtainable, abundant, and of median to 
low resistance to toxic substanees. The 
fish should undergo an acclimatization 
period of 24 hr. in the aquarium filled 
with the water to be used in the test. 
Feeding should not be attempted dur- 
ing this period. This acclimatization 
period of 24 hr. is sufficient to eliminate 
sick or injured fish. 

The water should be an accurately 
measured volume convenient for pre- 
paring the necessary concentrations of 
test solutions. Fish taken not more 
than 24 hr. preceding the acclimatiza- 
tion should be used and the number of 
fish should be limited to six to ten 
individuals to each test container. 

In the test proper, one aquarium or 
test tank is used as a control tank, the 
remaining tanks being used to hold the 
test solutions and fish. Into each tank 
is added a sufficient amount of the 
chemical test solution to raise the con- 
centration to the desired level (that is, 
20, 40, 60, 80, 100, 120, and 140 p.p.m.). 
Mixing of the solution can be effected 
with a mechanical stirrer or by increas- 
ing the air supply temporarily to cause 
agitation. 

Observation of the test begins im- 
mediately after the introduction of the 
test solution. The exact time of death 
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of each individual is recorded during 
the first 24-hr. test period. Death time 
after the first 24 hr. may be recorded 
by 4-hr. periods. Observation continues 
until no deaths occur during a 24-hr. 
period. 

To narrow the range of the MLD, a 
second test may be run with gradua- 
tions between the highest concentration 
in which no deaths occurred and the 
lowest concentration in which the few- 
est deaths occurred. This test serves 
only to narrow the tolerance limits, 
therefore it would be necessary only 
when testing the effects of highly toxic 
agents upon fish. As Daugherty (3) 
pointed out, this second test seems 
necessary only when the MLD is found 
to be less than 10 p.p.m. 


Proposed Standard Species 


In a series of tests the following 
species of fresh-water fish were uti- 
lized: 

1. Lepomis microlophus 

Western red-eared sunfish 
. Lepomis humilis 

Orange-spotted sunfish 
3. Lepomis macrochirus 

Bluegill 
4. Huro salmoides 

Largemouth black bass 
. Chaenobryttus coronaris 

Warmouth bass 


te 


~ 
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These species were tested against 
seven chemical compounds, three with 
toxicity ranges between 50 and 100 
p.p.m. and four with toxicity ranges 
between 2,800 and 3,500 p.p.m. The 
results of 68 tests indicate that there 
is little difference in the tolerance of 
the three sunfish to toxic materials, but 
that there is ‘great difference between 
tolerance limits of the sunfish and bass 
to the toxie materials. As in the sun- 
fish, the tolerance limit, or MLD, of the 
chemicals varied little between the 
warmouth bass and largemouth black 
bass. The results of this toxicity test 
for the discharge of industrial wastes 
into fresh waters indicate that it is ad- 
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visable to select as a standard species 
one of the genus Lepomis. 

Special problems relating to lakes, 
rivers, or streams in particular locali- 
ties may require an initial test to de- 
termine suitable test species from the 
area. This is accomplished by sub- 
jecting several species to at least one of 
each type of toxic agent to be tested. 
From the tested species, one should be 
selected for the basic test that has a 
resistance value less than, or equal to, 
the median value of the fish tested. 


Summary 


1. An efficient and economical test to 
determine toxicity or minimum lethal 
dose (MLD) levels of chemical wastes 
in reference to fish is proposed. The 
test is one which can be conducted 
under varied conditions and used with 
a wide variety of chemical wastes. 

2. Basic procedures and types of ani- 
mals are standardized, whereas water 
contents and temperature factors are 
not. These procedures make the test 
valid for both salt-water and fresh- 
water pollution problems. 

3. A standard species of fish should 
be selected from each area of study. 
This species should have a resistance 
value less than, or equal to, the median 
value of all the fish in the area of pollu- 
tion. 
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THE OPERATOR’S CORNER 


ConpucTED By HERBERT P. ORLAND 


Chicago Pi 


It is of utmost importance that all 
operators form the habit of keeping 
their mechanical equipment in good 
repair. Half the battle has been won 
if an operator will train himself to 
recognize potential trouble and then 
do something about it before it grows 
into a full-fledged monster. Just as 
preventive medicine plays so vital a 
role in control of human disease, so 
also does preventive maintenance play 
a most important part in keeping me- 
chanical plant equipment operating at 
peak efficiency. 

Manufacturers strive to provide the 
best designed, most dependable equip- 
ment to do a particular job. For each 
piece of equipment, the manufacturer 
provides complete instructions on 
proper operation and maintenance, in- 
eluding the following items: 


1. Information on the proper method 
of installation, as proper installation is 
prerequisite to proper functioning. 

2. Lubrication instructions, which 
should be studied and carried out he- 
fore the equipment is placed in opera- 
tion. 


* Condensed from a symposium presented 
at the 1953 Spring Meeting, New York Sew- 
age and Industrial Wastes Assn.; Rochester, 
N. Y¥.; June 8-9, 1953. 
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By J. M. Mac Crea 


Syracuse, 


3. An explanation of proper opera- 
tion, so that improper operation may 
be recognized, as well as pointers en- 
abling location of any reasons for fail- 
ure, 

4. Procedures for dismantling and 
reassembling for repairs. 

5. Parts lists and repair order in- 
structions. 


In brief, the operator is provided with 
the essentials needed to institute a pro- 
gram of preventive maintenance in his 
plant. 


Early Appointment of Operators 


To those who are charged with man- 
agement of new sewage treatment 
plants, it cannot be too strongly urged 
that the operators be appointed at the 
start of construction so they may wai.h 
and study the equipment as it is 
erected. Furthermore, the annual 
budget should include the necessary 
funds to enable the operators to insti- 
tute and maintain an effective preven- 
tive maintenance program. The equip- 
ment suppliers usually are more than 
happy to cooperate in setting up check 
lists for preventive maintenance for 
their units. And such check lists could 
profitably be set up even in small 
plants; in the larger plants such a 
program is imperative. 
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Proper Erection Required 


An installation and operation in- 
struction booklet is a part of each 
piece of equipment shipped. The first 
function of this booklet is to instruct 
the installer on the proper procedure 
to follow for erection of the unit. Yet, 
in fully 50 per cent of the cases the 
installer will claim the booklet was 
never received. On occasions, however, 
it has been found still attached to the 
equipment; on other occasions it has 
been found trampled in the mud out- 
side the construction shanty. 

Proper erection is the first requisite 
in preventive maintenance. Float con- 
trol assemblies must be _ properly 
aligned so that the rods will ride free. 
All equipment must be set level and 
properly aligned. Despite provision of 
flexible intermediate shafting in pump- 
ing equipment, the complete assembly 
must be installed plumb and level if 
excessive maintenance costs are to be 
avoided. That alone is sufficient reason 
for having an alert operator, who is 
preventive maintenance conscious, on 
the job during construction. 


Types of Pumping Stations 


Few if any communities are fortu- 
nate enough to be so situated that 
their sewer svstems and sewage treat- 
ment plants can be designed without 
the use of pumping equipment. With 
the ever-increasing expansion of resi- 
dential areas into outlying districts, 
more and more small lift stations, and 
often fairly large lift stations, must be 
employed. These stations fall into the 
following classes: 

1. Small submerged pump stations 
utilizing vertical, enclosed shaft, non- 
clogging pumps. For use of this type 
of station most State Health Depart- 
ments require some sort of protection 
ahead of the pumps, such as a hand- 
raked bar screen in an adjacent man- 
hole, or a removable basket screen over 
the inlet in the wet well, or pumps 
employing built-in screen protection. 
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2. Small pump stations with sepa- 
rate wet and dry pits, with the pump- 
ing equipment located in a compart- 
ment separate from the wet well. 
Suitable screening protection also is 
required in this type of installation. 

3. Medium and large stations lo- 
cated at remote points from the sewage 
treatment plants and utilizing three 
or more pumping units with varying 
capacities designed to meet the require- 
ments of flow fluctuation. These sta- 
tions often are large enough to justify 
use of automatically-cleaned screens 
or comminutors to properly protect the 
pumping equipment. 


This paper is confined mostly to pre- 
ventive maintenance of equipment in 
small outlying pump stations. Never- 
theless, it must be kept in mind that 
4-in. pumps, often utilized in these 
small stations, must handle essentially 
the same size solids as the larger pumps 
are called on to handle. Therefore, an 
effective preventive maintenance pro- 
gram for a small pumping station 
would, at least, form a nucleus for a 
program that would be effective in the 
larger stations. 


Pump Equipment 


The maintenance program for these 
small stations must depend somewhat 
on the type of equipment involved. 
Subsurface stations in which all of the 
equipment, including motors and con- 
trols, is located below grade are se- 
lected because of lower first costs, or 
because of the objection raised by 
people in residential areas to a super- 
structure which would provide ade- 
quately for the electrical equipment. 
The subsurface pump station may be 
designed to utilize any of the follow- 
ing types of equipment: 


1. Vertical, submerged, non-clogging 
pumps. 

2. Vertical, often-shaft pumps _in- 
stalled in a dry pit with a separate wet 
well and with motors and controls 
mounted on an intermediate floor. 
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3. Pedestal-mounted pumps with mo- 
tors mounted directly on the pumps 
and with separate wet wells. 

4, Special ‘‘ package’’ units employ- 
ing a steel tank as a wet well. 


In all of these types of installations, 
motors and controls, as well as the 
pumping equipment itself, operate un- 
der damp conditions. It is absolutely 
essential, therefore, that this type of 
station be provided with mechanical 
ventilation insuring an air change in 
3to5min. Otherwise, excessive main- 
tenance of motors, controls, and pumps 
will result. It is imperative that the 
mechanical ventilation be operated con- 
tinuously, particularly during the 
warm months, in order to effectively 
reduce the amount of condensation en- 
countered in these stations. 

Experience has shown that open mo- 
tors are preferable to totally enclosed 
motors in subsurface stations, as they 
tend to dissipate most of the moisture 
within the casings during the running 
period, whereas moisture accumulating 
within a totally enclosed motor cannot 
escape. 

It should be re-emphasized that a 
primary requisite to an effective pre- 
ventive maintenance program is the 
proper installation of the pumps and 
their component parts, and a thorough 
understanding on the part of the op- 
erator as to the proper functioning of 
the equipment. Pumps and motors 
must be set level, pumps should not be 
subjected to piping strains, intermedi- 
ate shafting must be installed plumb, 
intermediate bearings should be 
mounted on rigid supports, floats and 
float rods should be accurately aligned 
with the float switch mechanism, pump 
casings should be properly vented to 
the wet well to prevent air binding, 
adequate provision should be made for 
effectively sealing the stuffing boxes to 
keep out grit-laden sewage, and ade- 
quate provision should be made to re- 
move any accumulation of water from 
the dry pit. For the last item it is 
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preferable to use an automatic sump 
pump. 

In vertical submerged pumps the 
pump is suspended from a hanger pipe 
attached to the motor floor plate. The 
impeller is driven by a rigid shafting, 
utilizing one or more sleeve bearings, 
depending on the length of hanger pipe, 
and mounted within the hanger pipe. 
Pressure grease lubrication of these 
bearings is preferable. Pressure grease 
lubrication of the lower bearing, lo- 
cated immediately above the pump cas- 
ing, serves not only to lubricate this 
bearing, but also to prevent gritty 
water from scoring the shaft at this 
point. This lower bearing, therefore, 
should be greased at least once each 
week. 

The open shaft type of pump, or the 
pedestal-mounted pump, usually em- 
ploys ball bearings and pressure grease 
lubrication every two months should 
be sufficient. 

In vertical open shaft pumps, ped- 
estal-mounted pumps, and _ horizontal 
pumps, it is recommended that a brand 
of packing meeting the specifications 
‘‘braid over braid asbestos graphited 
packing’’ of the proper size be used. 
To determine the proper size of the 
packing, take the difference between 
the diameter of the shaft and the di- 
ameter of the packing box, and divide 
by two. In other words, for a 1-in. shaft 
and a 114-in. packing box, 14-in. pack- 
ing is required. It should be remem- 
bered that packing is a close-fitting 
bearing and, therefore, requires lubri- 
cation. Packing cannot run without 
leakage or a substitute means of Iu- 
brication. In pumping sewage, a wa- 
ter seal has a two-fold function in 
that it keeps grit and sand from en- 
tering the packing box as well as acting 
as a lubricant. Be sure that the proper 
number of packing rings are used and 
that the water seal ring, which is a 
bronze ring with slotted openings to 
permit the clear water to reach the 
shaft, is properly positioned opposite 
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the opening provided in the pump cas- 
ing. 

Since state laws do not permit the 
use of domestic water supply on these 
stuffing boxes, other sources of clear 
water must be provided. An effective 
water seal should provide a clear-water 
pressure of 5 to 10 ft. in excess of the 
discharge pressure on the pump. For 
pumps operating at lower heads it 
may be possible to provide the neces- 
sary static head on the stuffing box by 
means of an open tank with a float 
valve located within the station. 
Where such an arrangement would not 
provide the necessary static head, it 
is necessary to utilize a water seal 
pumping unit. Such a device should 
provide for a capacity of 2 g.p.m. per 
stuffing box to allow for future wear 
of the packing. 

The packing should be kept adjusted 
so that there is a small amount of leak- 
age. Gland bolts should be drawn up 
one thread at a time, with sufficient 
time left between turning each thread 
for the pressure to be transmitted 
through the packing, and the resultant 
rate of leakage observed. 

Where a clean-water seal is not avail- 
able it may be necessary to resort to 
the grease seal. A constant-pressure 
type of grease cup would seem to be 
ideal, but in most cases it is found 
that grease will not flow effectively 
with the available pressure. There- 
fore, it has been found that the com- 
mon screw type of grease cup, or even 
pressure grease introduced through a 
conventional Alemite fitting, is prefer- 


able. After the grease has been thor- 
oughly introduced throughout the 


stuffing box, and proper tension on the 
packing nuts maintained, weekly addi- 
tion of grease under pressure is satis- 
factory on pumps having discharge 
pressures not exceeding 25 to 30 ft. of 
head. For pumps having discharge 


heads in excess of 30 ft., a clear-water 
seal is indicated if maintenance is to 
be kept at a minimum. 

When the packing nuts have been 
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drawn down to the limit, the pump 
should be repacked completely. Never 
add one or two new rings of packing 
on top of old packing. Never repack 
a pump that has a scored and grooved 
packing sleeve, for the grooved sleeve 
will damage the new packing, causing 
excessive leakage in a very short time. 
Replace the packing sleeve if it is 
worn. 

In repacking the pump each ring of 
packing should be dipped in 600-W oil, 
and sufficient rings of packing should 
be packed into the bottom of the box 
so that, when compressed, the water 
seal ring will be in its proper position 
in line with the tapped seal in the 
casing. When the box is half full, the 
gland should be drawn up snug only. 
After packing the remainder of the 
box, the gland is drawn up snug and 
then backed off until finger tight. 
-acking expands with heat, and a box 
that is more than finger tight when 
cold will generally heat when started 
up. When starting up a pump the 
packing box should carefully 
watched to make sure that the leakage 
of seal water is providing proper lu- 
brication, or that the grease seal is 
effective. 


Motors and Electrical 


Motors should be lubricated in ae- 
cordance with the manufacturers’ rec- 
ommendations and care should be ex- 
ercised not to over-lubricate, as this 
is often the cause of motor failure. 
Many present day motors are equipped 
with sealed ball bearings requiring lu- 
brication at 3- to 5-yr. intervals. It 
should be pointed out that over-lubri- 
cation of ball bearings with either 
grease or oil may cause overheating of 
the bearings and result in excessive 
wear. 

Periodic inspection of all electrical 
contacts should be made to determine 
that these contacts are not corroded 
or pitted. The frequency of inspection 
will be dependent upon the amount of 
moisture which may be present in the 
area surrounding the equipment. 
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Float Controls 


Float controls should be inspected 
monthly to make certain that the floats 
are riding free and will actuate the 
float switches dependably on the rise 
and fall of liquid in the wet well. If 
float tubes are utilized, it is necessary 
to clean the cylindrical floats to pre- 
vent the accumulation of grease, lint, 
ete., from binding the float in the tube. 
Some operators have introduced a con- 
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stant stream of water to the periphery 
of the tube to keep the floats clean. In 
recent years the use of a float guide 
cage directly in the wet well has be- 
come prevalent. This enables the op- 
erator to flush the float clear of foreign 
matter with a high-velocity nozzle. 
This makes it desirable to have water 
under pressure available at the station 
to perform this work and to wash down 
the wet well wall periodically. 


II. Transmission Gears 


By Epwarp J. SMITH 


Superintendent, Sewage Treatment Plant, Niagara Falls, N. Y. 


Continuity of good operation of any 
sewage treatment plant is only possible 
when the chief operator schedules a 
good maintenance program. The many 
new sewage plants being constructed 
each year, and the new designs being 


introduced by the consulting engineers, 
bring forth more mechanical equip- 
ment which the Operator has to cope 
with. If this equipment is not kept in 
good running condition, efficient op- 
eration is impossible. 

The Niagara Falls plant is a mechani- 
cal plant containing more than $500,000 
worth of machinery, which must be 
kept running 365 days a year. To keep 
this equipment operating it is neces- 
sary to have a set schedule whereby the 
equipment is shut down, inspected, and, 
if necessary, repaired. This is not too 
difficult when the equipment is operat- 
ing in full view. In some instances, 
however, it is so well concealed that it 
is a real problem to get at the source 
of trouble. 

Every operator has to ‘‘get the feel”’ 
of a new plant and it is natural for 
him to make a few mistakes; but from 
these mistakes he profits. A number 
of problems arose when the Niagara 
Falls plant was placed in operation. 
However, the operating staff profited 


by its mistakes, as well as the mistakes 
of the designing engineer. 

In setting up the maintenance pro- 
gram to take care of the equipment 
that would be shut down on a set 
schedule, a man who had a good me- 
chanical background was picked to do 
the oiling and greasing of all the equip- 
ment. 

As a typical example of preventive 
maintenance, at the Niagara Falls plant 
there are 20 variable speed units of 
various sizes. Six of these are 10-hp. 
transmissions for controlling the speed 
of the screens, six are 1!4-hp. transmis- 
sions for controlling the brush speeds. 
Other units control the screw convey- 
ors handling sludge or coal from stor- 
age tanks to the incinerators. All of 
these units are vital components of the 
equipment and essential to the satis- 
factory and economical operation of 
the plant. 

The drives in question do not re- 
quire attention if treated 
properly. They have a minimum of 
moving parts, but care should be taken 
that all bearings, shafts, and driving 
keys are properly lubricated. 

Lubrication of this type of trans- 
mission is simplified by means of a sys- 
tem of centralized force-feed fittings. 
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located in two convenient panels at the 
end of the case. This makes possible 
thorough lubrication without removing 
the cover. It was found, however, that 
with this simplified lubrication system 
the maintenance man was lubricating 
the drives too often, so that excess 
grease was getting on the endless cord 
V-type belts, which are clamped be- 
tween hardwood blocks, tipped with 
leather, that drive the dises. The ex- 
cess grease was causing the belts to 
slip and deteriorate. This was found 
to happen only on the six small trans- 
missions that were concealed and hard 
to get to. This trouble was remedied 
by moving the drives to positions where 
they can still serve their purpose and 
yet can be reached more readily. 

When such a transmission is placed 
out of service for lubrication, even if 
the transmission can be serviced with- 
out removing the cover, the cover is 
taken off. This enables the mainte- 
nance man to see that the lubrication is 
going to the right parts, and also gives 
him an opportunity to check all mov- 
ing parts to see if any show signs of 
wear or need replacement. The belt 
tips should be checked for wear. This 
indicates if the belt is running true, 
and helps check that the dises are free 
and not sticking on the shafts. It also 
gives an opportunity to clean up any 
oil or grease that is in the transmission 
box where it could splash on the dises 
or belts, thus shortening the life of 
these components. 

Before the cover is replaced, the 
speed control is advanced from low to 


PREVENTIVE MAINTENANCE 


1457 


high speed, while the unit is running, 
and then back to low speed again. This 
operation makes certain that the discs 
are sliding free on the keys and shafts, 
and that the shifting levers and shift- 
ing screws are operating satisfactorily. 
This operation of preventive mainte- 
nance also makes certain that the grease 
is uniformly distributed over all oper- 
ating surfaces, thus minimizing wear 
and corrosion. 

If the discs are allowed to run too 
long at a set speed, without following 
the above-mentioned maintenance pro- 
cedure, there is a chance that the discs 
may freeze on the shafts and require 
application of considerable force to 
break them loose. However, since 
adopting a set schedule of inspection 
and maintenance, no such difficulty has 
ever been experienced in the Niagara 
Falls plant. 

Maintenance is a problem for all op- 
erators, as there is a high turnover of 
labor. Men leave the sewage field for 
more lucrative jobs. It has been found, 
however, that if a man is given suffi- 
cient time and full responsibility for 
his equipment, and it is required that 
all work be completed before the ma- 
chine is placed back in operation, less 
operating difficulty will be experi- 
enced. As an example of what can be 
done, during the past 15 years of opera- 
tion very few replacement or repair 
parts have been purchased for the vari- 
able speed drives described. This can 
be attributed to good maintenance per- 
formed by men who are interested in 
doing a good job. 


III. Ventilating Equipment 


By Epwarp J. SmirH 


Superintendent, Sewage Treatment Plant, Niagara Falls, N. Y. 


Many sewage treatment plants have 
ventilating problems. These problems, 
no doubt, are relieved to a certain ex- 
tent by ventilating units used to re- 
move obnoxious odors from the build- 


ings. At Niagara Falls there is a prob- 
lem of combatting the odors of various 
chemical wastes sometimes discharged 
into the sanitary sewer system. Nine 
ventilating units, of the exhaust type, 
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are arranged to exhaust air from vari- 
ous points in the plant and discharge 
it into the annular space between the 
chimney and the chimney tower. 

Ordinarily these ventilating units do 
not require too much attention, but it 
is necessary to keep the motor and the 
bearing on the fan shaft properly lu- 
bricated, and see that the V-belts are 
in alignment. However, it has been 
found that there is more involved in 
keeping a ventilating unit in operation 
than just lubrication. 

The first experience along this line 
occurred in the grit chamber room 
when the ventilating unit began to 
give trouble. This unit has a capacity 
of 18,000 ¢.f.m., and is designed to 
draw the gases or other vapors from 
the two grit chambers, which are now 
totally enclosed. It can also pick up 
moisture vapors liberated at the bot- 
tom of the vertical Venturi meter. 

Close inspection revealed that the 
fan wheel was badly corroded, thus 
throwing the wheel off balance. The 
rest of the unit was in fair condition, 
although it showed signs of corrosion. 
A new fan wheel was immediately 
ordered and work was started to get the 
rest of the unit in shape. To accom- 
plish this, the interior was given a 
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good sand blasting, thus removing all 
traces of rust. A coat of paint primer 
was immediately applied to the unit. 

Because of the corrosion problem 
prevalent in the plant, an undercoat- 
ing machine previously had been pur- 
chased. It was felt that the ventilating 
unit would give a good test as to how 
undercoating would stand up under 
severe conditions. The type of under- 
coating used was a rubberized sealer, 
manufactured by the Minnesota Min- 
ing Company. The inside of the unit 
was sprayed, and when the new fan 
wheel was received it also was sprayed 
with a coat of rubberized sealer. The 
wheel was then balanced and installed. 
This same unit has held up well in 
operation under severe conditions, op- 
erating 365 days a year, for the past 
four years. 

The other larger units, operating un- 
der similar conditions, have all been 
cleaned and undercoated. Also, the 
ventilating ducts have been sealed with 
undercoating. 

This undercoating sealer has worked 
out successfully on old equipment, and 
has cut down maintenance cost and 
labor. It is believed that the life of 
new equipment would be increased if 
this material was used on it. 


IV. Clarifiers and Trickling Filters 


By J. R. 


Superintendent, Pearl River Sewer District, Pearl River, N. Y. 


This discussion is of necessity ¢on- 
fined to preventive maintenance of 
straight-line clarifiers and trickling 
filters with rotary distributors. 

Originally the Pearl River plant was 
designed for a daily flow of 0.9 m.g.d., 
including 0.6 m.g.d. of domestic sew- 
age and 0.3 m.g.d. of pretreated in 
dustrial waste from the Lederle Lab- 
oratories. The final effluent is 
charged into the Hackensack River 
about 10 mi. above the reservoir of 
the Hackensack Water Company. which 


clis- 


serves not only the city of Hackensack, 
but also many other communities in 
northern New Jersey. The original 
flow plan included a grit chamber lo- 
cated in town to protect the lengthy 
trunk sewer, which includes two in- 
verted siphons, one 1,100 ft. long and 
one 5,000 ft. long; two primary elari- 
fiers, each 10 ft. wide, 50 ft. long and 
10 ft. deep and equipped with straight- 
line sludge collectors; a dosing cham- 
ber with two standard-rate  trick- 
ling filters 95 ft. in diameter and 
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having 8-ft. depth of stone and rotary 
distributors; two final clarifiers, 10 ft. 
wide, 45 ft. long, and 8.5 ft. deep, also 
equipped with straight-line sludge col- 
lectors; a four position sand filter 2.54 
acres in area and 3 ft. deep; and efflu- 
ent chlorination before discharge into 
the river. 

The first major addition was made 
in 1945 when, because of increased flow 
from Lederle Laboratories, two addi- 
tional primary clarifiers 50 ft. long, 
12 ft. wide, and 10 ft. deep were added. 
In 1951-52, because of continued high 
flows and increased strength of the 
industrial wastes from Lederle Labo- 
ratories, it was decided to pump the 
effluent to the Shanks Village outfall 
to the Hudson River and to modify 
the plant to give a design capacity of 
1.8 m.g.d., made up of 0.6 m.g.d. of 
domestic sewage and 1.2 m.g.d. of pre- 
treated industrial wastes with a B.O.D. 
not to exceed 300 p.p.m. The sand 
filters were abandoned and a high-rate 
roughing filter 80 ft. in diameter with 
stone 8 ft. deep and followed by two 


secondary clarifiers 64 ft. long, 16 ft., 


wide, and 8 ft. 3 in. deep was inserted 
between the primary clarifiers and the 
standard-rate filters. The final clari- 
fier capacity was doubled by the addi- 
tion of two final clarifiers of the 
same dimensions as the originals and 
equipped with sludge collectors. 

Preventive maintenance as practiced 
at the Pearl River plant consists of the 
following three parts: 


1. Lubrication. 
2. Inspection. 
3. Parts replacement and painting. 


For lubrication it has been found 
most practical to set up a regular 
schedule. The system in use at this 
particular plant is as follows: 

Following the manufacturers’ ree- 
ommendations, a schedule was set up 
for each lubrication point of each piece 
of equipment throughout the plant. 
To avoid duplication of lubricants, the 
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industrial lubrication engineer of one 
manufacturer (in this particular case 
Tidewater Oil Company) was called in 
and, using the particular equipment 
manufacturer’s recommendations as to 
viscosity and pour points, the proper 
lubricant was selected. 

For points which require lubrication 
one or more times weekly there is a 
regular weekly schedule with a par- 
ticular job assigned to each day of the 
week. The particular schedule in use 
calls for lubrication of the guide rollers 
with Asylkeep No. 4 and their tracks 
with Alastae No. 41 on all rotary dis- 
tributors, and a check of the oil level 
in the upper bearing of the high-rate 
distributor every Monday. On Tues- 
day all slow-speed bearings on all clari- 
fiers are lubricated, drive chains are 
painted with Alastac No. 41, and oil 
levels are checked in all reduction 
gears. 

For points requiring lubrication less 
often, a 5 in. by 8 in. card index sys- 
tem is used. There are 48 index cards, 
one for each of the first four weeks 
in each month. As each week passes 
the index card for that week is moved 
to the rear. There is a card for each 
point on each piece of equipment. This 
card shows the piece of equipment, the 
particular point to be lubricated, the 
recommended frequency of lubrication 


‘and the type of lubricant to be used. 


When a card comes up in the current 
week, the point is lubricated or the 
oil changed, the date is entered on the 
eard, and the card is moved back in the 
index under the card for the week 
when the next lubrication is due... 

For example, the card for the re- 
duction gears of the No. 1 primary 
tank came up in the first week in April. 
It showed that the oil should be changed 
every four months, in summer with 
Acobryte No. 91 and in winter with 
Acobryte No. 83, and that the oil had 
been changed on December 2 with 
Acobryte No. 83. The oil was changed 
on April 3 with Acobryte No. 91, the 
information was entered on the card, 
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and the ecard was replaced in the file 
under the index card for the first week 
in August. 

In this way the card automatically 
comes up when the point is due for its 
next lubricating and under-lubrication 
as well as over-lubrication is avoided. 

Inspection and parts replacement 
also are most important parts of pre- 
ventive maintenance. Each shift op- 
erator as he comes on duty is required 
to inspect the entire plant with the 
operator going off duty. Together they 
check all motor and pump bearings for 
overheating and generally check all 
equipment for proper operation. 

In addition to this, every three 
months each clarifier is pumped down, 
the chains and flights are inspected, 
the drag chains are tightened if neces- 
sary, damaged flights are replaced, and 
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the wearing shoes are checked and re- 
placed when necessary. Once a year 
the sidewalls from 1 ft. below the wa- 
ter line to 1 ft. above are painted with 
Inertol Standard Black. 

Inspection of the rotary distributors 
is generally for the purpose of keeping 
all nozzles clean and in operating con- 
dition, keeping the arms level by adjust- 
ing the turn buckles on the guy rods 
or cables, and keeping the guide rollers 
in proper adjustment. It has been 
found advisable to take each rotary 
distributor out of service once a year 
and to paint all surfaces with Inertol 
Standard Thick Black. 

By following the indicated schedule 
it is felt that everything possible is 
being done to prevent major repairs 
and to keep all equipment in the best 
possible operating condition. 


EXPLOSIVE GAS TESTING IN LOS ANGELES 


By Atvin A. APPEL 


Superintendent, Sewer Maintenance Division, Bureau of Sanitation, 
Los Angeles, Calif. 


For many years the various local 
agencies, both municipal and private, 
that operate and are responsible for 
subsurface conduits, pipes, and ap- 
purtenant structures have recognized 
the potential explosive hazards in- 
herent in such systems. Not only do 
the hazards exist because of gases 
escaping to adjacent sewers, storm 
drains, and vault structures through 
breaks and cracks in transporting lines, 
but also because of the continuing dis- 
charge of cleaning fluids and gasolines 
into the sewer system by householders 
and industries. To keep this potential 
to a minimum requires constant investi- 
gation and testing. 


Substructure Committee 


To coordinate such an extensive pre- 
ventive program, and to study meas- 
ures designed to greatly reduce the 


potentials, a substructure committee 
was formed with a membership com- 
prising a representative from each in- 
terested agency. The committee then 
designated and assigned the individual 
responsibility of each of the various 
utilities. The committee meets regu- 
larly to discuss all problems affecting 
the systems involved. Included in the 
agenda of the group are such items as 
reduction or elimination of explosive 
hazards, reduction or elimination of 
electrolysis of lines, and preparation 
of locations of substructures in new 
or proposed highways. 

In the assignment of duties, the De- 
partment of Public Works was desig- 
nated as the ageney responsible for 
testing for explosive conditions in the 
entire sewer and storm drain system 
within the city of Los Angeles. Un- 
der a directive issued by the Board of 
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EXPLOSIVE GAS TESTING 


FIGURE 1.—Specially fitted route van serves as basic vehicle for two-man crew testing 
for explosive gas in underground structures. 


FIGURE 2.—Combustible gas indicator mounted in cab of truck utilizes engine vacuum 
for sampling and 6-v. battery as power source. 
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FIGURE 3.—Long copper tube prod makes sampling through manhole cover 
a simple operation. 


Public Works. the Sewer Maintenance 
Division of the Bureau of Sanitation 
was instructed to formulate and carry 
out a continuing program of testing 
for explosive conditions and reporting 
of any such conditions found. 

Since the inception of the program 
many refinements have made. 
Figure 1 shows the 1!5-ton route van 
With this vehicle, 
the two-man testing crew, consisting of 
driver and tester, checks from 300 to 
\00 manholes daily, at an average cost 
of $0.10 per unit. Should the 
foreman find a manhole where an ex- 


been 


used on this work. 


crew 


plosive atmosphere exists. he immedi- 
ately telephones the utility company 
that is giving both the lo- 
cation and severity of the condition 
found. The utility company then 
sends out a field crew to check for 
leaks and eliminate them. A monthly 
report is made by the testing crew, 
with follow-up through the Bureau as 
to disposition of the notice by the 
utility. 


suspect, 


Test Apparatus 


The heart of the testing apparatus 
(Figure 2) is a combustible gas indi- 
cator, operating on 6 volts. The gauge 
indicates natural gas, gasoline, and ex- 
plosibility. It is adjustable for density 

The unit is actuated by 


vacuum from the truck motor. 


of mixture. 
3) is made 
**sniff’’ of the 
being 


The long prod (Figure 
of copper tubing, the 
obtained 
when an electrical push button, located 
at the handle end of the 


pressed, 


manhole atmosphere 
prod, is 
Tests are made by simply 
driving alongside the manhole and in- 
serting the prod through the pick hole. 

Other utilities 


systems carry on similar investigations 


with underground 


independently of 
Public Works. 


explosion occurs in any structure, close 


the Department of 
Hlowever, whenever an 


cooperation is immediately evidenced 


by all agencies in order to prevent fur- 


ther damage or catastrophe. 
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INTERESTING EXTRACTS FROM OPERATION 
REPORTS 


| Attention operators! It will be appreciated if copies of all annual reports of both large 
| and small plants are sent to the Federation office for abstracting in this section of the 
| Journal. Carbon copies of typewritten reports will be promptly returned on request. 

Please direct annual reports to: Federation of Sewage and Industrial Wastes Associa- 
| tions, Room 325, Illinois Bldg., Champaign, III. 


Annual Report of the Racine, Wis., Sewage Treatment Plant 
for the Year 1952 * 


By THomas T. Hay, Superintendent 


In 1952 Lake Michigan reached the 
highest level since the sewage treatment 
plant was placed in operation. This 
caused water from the lake and the 
river to flow into the intercepting sys- 
tem and made it necessary to curtail 
pumping and treating of the sewage 
from the north and west portions of 
the city from April 12 to September 1, 
1952. From September 1 to November 
16 there was almost no precipitation, 
affording an opportunity for a special 
flow study during this period. Consid- 
eration of the average values for this 
year may be very misleading, however, 
due to the unusual conditions. 

Bonds retired during the year 
amounted to $35,000; interest of $3,480 
was paid, making a total expenditure 
on indebtedness of $38,480. 

The operating staff, consisting of 2 
mechanics, mechanic’s helper, 4 opera- 
tors, 1 relief operator, and 5 utility 
men, spent a total of 29,149 hr. on sew- 
age treatment, distributed as follows: 


Item Hr. 
985 
Pumping station No. 1. 1,967 
Pumping station No. 2.... 425 


Pumping station No. 3... . 409 
Chlorine 382 
Channels and pipe gallery. . 100 
Comminutors...... 175 


Grit removal. . . 1,348 
Clarifiers... 6,668 
Digesters.... 4,226 


* For last previous extract see THIS JouR- 
NAL, 24, 12, 1538 (Dece., 1952). 


Item Hr 
Drying beds. 1,614 
Building maintenance 2,724 
Grounds maintenance. . 1,791 
Equipment maintenance 1,765 
Admin. and laboratory . 4,570 
Total... 29,149 
Vacations 1,316 
Sick Leave 396 
Although the operating personnel 


were on strike from January 2 to 
January 14, the operators maintained 
sewage treatment during this period. 

Three months of normal flows were 
followed by five months of heavy flows 
due to high lake level, in turn fol- 
lowed by two months of drought con- 
ditions and two months of return to 
normal flow levels. The flow survey 
conducted during the dry months in- 
dicated the minimum flow to occur at 
5 aM (21.7 m.g.d.), the maximum (34.7 
m.g.d.) at 1 pm. It also indicates that 
some sewers may be loaded to capacity 
by infiltration alone, that infiltration 
in other cases may amount to more 
than the normal dry-weather flow, and 
that infiltration may account for 40 per 
cent of the total flow when rainfall is 
normal and ground water is plentiful. 
Further investigation may indicate 
the advisability of replacing some 
poorly operating sections of sewer 
rather than building additional sewers 
to adequately service an area. 

A summary of the 1952 operating 
data is given in Table I. 
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TABLE I.-Summary of 1952 Operation Data at the Racine, Wis., Sewage Treatment Plant 


Item Average 


Total rainfall (in.). 
Population: 

Connected. . 

Equiv., B.O.D. ... 

Equiv., susp. sol. .... 
Sewage flow (m.g.d.)..... 
Per cap. sewage flow (gal.).... 
Settling tank retention (hr.). 
Total solids: 

Influent (p.p.m.). 

Effluent (p.p.m.).. 

Per cent reduction. . . 
Settleable solids: 

Influent (ml. per liter)... 

Effluent (ml. per liter)... . 

Per cent reduction .... 
pH: 

Influent 

Effluent 
Suspended solids: 

Influent (p.p.m.).. 

Effluent (p.p.m.). . 

Per cent reduction .... 
B.O.D., 5-day: 

Influent (p.p.m.). . 

Effluent (p.p.m.).... 

Per cent reduction .. 


22.75 


. 73,000 
. 98,700 
74,640 
14 

198 


Chlorine demand: 
Raw (p.p.m.)... 
Effluent (p.p.m.). 


| 


Item Average 


Raw sludge to digesters: 
Gal. per day ; 23,575 
Per cent dry solids........ 6.56 
Pounds dry solids. . . . 13,596 
Per cent volatile solids. 56 
6.7 
Digested sludge: 
Digested solids to beds (Ib. 
Per cent solids. . . fe 
Per cent volatile solids. . 


‘day). 1,426 


Per cent solids in supernatant. 
Analysis of dry sludge (%): 


Grease. . . 
Humus 


| Gas, cu. ft. per Ib. vol. .. 
| Gas analysis: 


B.t.u. 
Oxygen (per cent).... 
Nitrogen (per cent) 
Hydrogen (per cent). 
CO, (per cent). 
CH, (per cent)..... 
Operating costs ($): 
$82,022.27 
1.12 


15.53 


Per capita... 
Per 


Annual Report of the Gary (Ind.) Sanitary District Sewage Treatment Plant 
for the Year 1952 * 


3y W. W. Matuews, Superintendent 


The average daily pumpage of 24.13 
mu.g.d, during 1952 topped the previous 
high (1951) of 23.76 m.g.d. 


despite a 


This was 
rainfall during the 
totaling 4.77 in. below normal. 


sive 


year 
Exces- 
occurred in May and 
June, with a deficiency of 4.71 in. re- 
corded July to 
clusive. 


rainfall 


from December. in- 


Rainfall occurring in the late fall or 


early winter, before the vround is 
* For last previous extract see THIs Jour- 
NAL, 24, 9, 1181 (Sept., 1952). 


frozen, if excessive, saturates the 
ground and through infiltration in- 
creases the rate of flow over several 
months. The same amount of rain in 
the hot summer months is utilized 
during the growing season, a part be- 
ing evaporated. Therefore, summer 
rains do not affect the sewage flow as 
much as those during the fall and 
winter. This applies particularly at 
Gary on account of the sandy terrain 
encountered. 

A summary of operating data for 
1952 is given in Table II. 
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TABLE II.— 
Item Average 
Rainfall (in.): 
Recorded . 28.40 
Normal. . 33.17 
Population serve d (e stimated). . 124,000 
Equivalent population (0.17 Ib. 
169,890 
Sewage flow: 
M.g.d.. 24.13 
Gal. per c capit a per day. 194.6 
Screenings removed (cu. ft. per 
m.g.). 0.02 
Grit removed (eu u. ft. pe r mg. .). 5.53 
pH: 
Raw. . 7.1 
Settled 7.1 
Final... 7.3 
Suspended solids: 
Raw (lb. per cap. per day) 0.293 
Raw (p.p.m.).. : 322.2 
Settled (p.p.m. ). 113.5 
Final (p.p.m.). 16.4 
Per cent reduction. .... 94.9 
66 
B.O.D. (5-day): 
Raw (lb. per cap. per day) . 0.203 
144.7 
Settled (p.p.m. ). 83.5 
Final (p.p.m.).... 10.1 
Per cent reduction. . . 93.0 
Activated sludge data: 
Aeration period (hr.)........ 4.21 
Secondary settling period (hr.) 2.63 
Secondary settling rate (gal. 

/sq. ft./day)..... 836 

Mixed liquor susp. ‘sol. 

Sludge index. .... 112.2 
Returned sludge, susp. sol. 

B.O.D. loz ading (Ib./1 000 cu. 

ft. aerator capacity .... 23.2 
B.O.D. removed (Ib./1 000 cu. 

ft. aerator capacity). . 20.2 
B.O.D. removed (Ib. per 1 000 

cu. ft. air) . 1.457 
Returned sludge (% by vol- 

ume). 35.74 
Air consumption : 

Million cu. ft. per day . 10.023 

Cu. ft. per gal. sewage... . 0.44 

Cu. ft. per Ib. B.O.D. removed 694 
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Summary of 1952 Operating Data, Gary (Ind.) Sewage Treatment Plant 


Item Average 
D.O. at end of aeration (p.p.m.) 2.7 
Blower pressure (p.s.i.)........ 7.30 
Raw sludge: 
Average daily pumped (gal.). 137,570 
Per cent dry solids (ave.): 
Volatile... .. 52.8 
Digested sludge: 
Ave. total solids (%) ...... 7.17 
Ave. volatile solids (%)...... 44.36 
Dry sludge, 50% moisture 
(tons) . 4,598.7 
Gas production: 
Cu. ft. per cap. per day... 1.37 
Cu. ft. per m.g. sewage. . 7,088 
Cu. ft. per Ib. solids added 2.9 
Cu. ft. per Ib. volatile solids 
added........ 5.5 
Value of gas used (8). 25,429.06 
Gas analysis: 
CO; (%)..... 30.2 
Ci, (%)...... 59.6 
Hydrogen (%)...........- 5.5 
Nitrogen (%) 4.9 
H.S raw (grains per 100 cu. 1. ft. 
HS scrubbed per 100 
cu. ft. gas).... 2.11 
Heat value (B.t.u. ): 
Net. 607 
Gross 672 
Bacterial analysis: 
Raw sewage (total bact. per 
Final efflue ant (tots al bact. per 
ml.) 31,000 


Raw sewage (B. coli M.P.N. 
per 100 ml.)...... ne 
Final effluent (B. coli M. P.N 


63,000 
Outlet stream analyses (p.p.m.): 
Upstream } mile: 
: 5.6 
B.O.D... 5.8 
Downstream 2} miles: 
5.0 
5.1 
Treatment costs veil 
Per m.g.. 14.07 
Per apita per year..... 0.99 
Per 1,000 Ib. B.O.D. re ~moved 3.07 


Annual Report of the Toledo, Ohio, Sewage Treatment Plant 
for the Year 1952 * 


By A. H. 


The first six months of 1952 had 
about the normal amount of precipita- 


For last previous extract see THIs JouR- 
AL, 24, 9, 1183 (Sept., 1952). 


NILES, Commissioner, Division of Sewage Disposal 


tion. The last six months, however, 
was about one-third (6 in.) below nor- 
mal, and less than one-half that of the 
last six months of 1950. Sewage flow 
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was only slightly less than that of 
1950 and 1951 for the first half year, 
but the flow for the last half of 1952 
was only about 75 per cent of that for 
the corresponding period in the same 
two years. 

Higher B.O.D. content of the raw 
sewage is due to the wastes from the 
operations of the Rossford plant, 
Amino Products Division, Interna- 
tional Minerals and Chemical Co. This 
firm manufactures monosodium g¢luta- 
mate. The end liquor from the plant 
is discharged to the sewers when wheat 
gluten is used as the raw material, but 
when concentrated Steffen’s filtrate is 
used the end liquor is sold. The former 
raw material was used throughout most 
of the last half of 1952. 


Grit Removal 


continues to be the 
operational problem. 
Difficulties in grit removal are reflected 
in operational problems with the clari- 
fiers, 


Grit removal 


most pressing 


digesters, digester stirring de- 


vices, sludge pumps, gas production, 
and sludge drying. 


TABLE III. 


Item Average 


Rainfall (in.) 
Design flow (m.g.d.): 
Mean D.W.F. 
Max. D.W.F.. 
Max. storm 
Raw sewage flow (m.g.d.): 
Minimum 
Maximum 
Average 
Screenings (cu. yd. per month) 
Grit removed (cu. yd. per month) 
Suspended solids (p.p.m.): 
Raw sewage 
Plant effluent 
Per cent removal. 
B.O.D. (p.p.m.): 
Raw sewage 
Plant effluent. 
Per cent removal 
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Tol-e-Gro 


The demand for Tol-e-Gro is so great 
and the production facilities so limited 
that a substantial increase in selling 
price is indicated. The production ton- 
nage in 1952 was due largely to a 35 
per cent increase in the 
sunshine which also 
during the best drying months. Total 
selling price (931.78 tons) for 1952 
was $13,185.10, a profit of $8,395.75 
over the manufacturing 
$4,789.35. 

A temporary sewer revenue charge 
per cent of the 
Before the revenue bonds 


number of 


hours, oceurred 


cost of 


is being made at 25 
water bill. 
are sold and construction of the see- 
ondary sewage treatment facilities in- 
itiated it is expected that the rate will 
be doubled (to 50 per cent of the water 
bill). Under the old rates, revenues 
were about $275,000 to $285,000 annu- 
ally. 
rates, are ex- 
pected to average close to $700,000 per 
year. 

A summary of 1952 operating data 
is given in Table ITT. 


Under the increased temporary 


sewer service charges 


Summary of Operation of the Toledo (Ohio) Sewage Treatment Plant for 1952 


Item 
Volatile solids (%): 
Raw sludge. . 67.1 
Digested sludge 42.6 
Digested sludge (cu. yd.): 
To marsh..... 
To drying beds. . 
Dry sludge pulverized for fertilizer 
Fertilizer sold (tons) . 
Total sales ($). . 
Bay View pumping station costs 
($ per m.g.): 
Purchased power. 
Supplies. . 
Supervisions and labor 


‘Total. .. 


Average 


24,810 
10,020 


1,036 
931.8 
13,185.10 


0.61 
0.71 
5.13 
6.45 
11.18 
Gas engine economy ($): 

Pumping cost if power purchased. 24,250.55 

Actual pumping cost... ... 10,742.48 

Gas engine saving. . 13,508.07 
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About 55 per cent of the 13,800,000 
cu. ft. of sludge gas produced was 
burned to satisfy most of the heating 
and hot-water requirements of the 
plant. Lack of sufficient gas storage 
facilities results in some of the gas 
being continually wasted in the waste 
gas burner. Consequently, despite the 
fact that more gas is generated than 
is required, a total of 2,830 gal. of fuel 
oil was required to supplement the gas. 
However, this was a saving of 87 per 
cent in the fuel oil account over that 
of the previous year. 

By connecting a gas line to the stove 
used to heat the filter room when the 
incinerator is not in operation, the 
cost for coal needed to heat this room 
has been eliminated. Gas is now the 
major source of fuel and the oil burn- 
ing equipment used in previous years 
to supply heat and hot water now serve 
as emergency stand-by units. 

Efforts are being made to accommo- 
date more of the industrial lead of the 
community into the sewer system. At 
the present time, the total industrial 
load, including the Grinnell Company 
wastes, amounts to about 15 per cent 
of the sewage flow. Tests are now un- 
der way to absorb a part, or all, of the 
textile wastes from the Cranston Print 
Works. The admittance of these wastes 
into the sewer system would assist in 
ridding the Pocasset river of much of 
its pollution load. 

The general maintenance ineludes 
the servicing and care of the plant 
equipment, painting upkeep, and other 
related work. The fact that much of 
the equipment has been in continuous 
service for over 95,000 hours and is 
still in excellent condition, speaks well 
for the efficient and conscientious main- 
tenance rendered by plant personnel. 


* For last previous extract see THIS JouR 
NAL, 24, 10, 1315 (Oct., 1952). 
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Annual Report of the Cranston, R. I., Sewage Treatment Plant for the Year 
Ended September 30, 1952 * 


By WALTER C. ANDERSON, Superintendent 
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The total net cost for operating the 
treatment plant during the fiscal year 
amounted to $63,352.02. This is equal 
to $59.88 per million gallons treated 
and is a reduction of $0.86 per million 
gallons below the cost for the previous 
year. Approximately 51 per cent of 
the city’s population is now connected 
into the sewer system. As the plant 
is designed for more than twice the 
present sewage flow, the cost per mil- 
lion gallons can be substantially re- 
duced as sewage flows approximating 
the designed capacity are reached. 


Grit Removal 


Installation of a small bar screen 
ahead of the grit removal unit has im- 
proved the operation of the unit to a 
high degree. The only disadvantage 
of the bar screen is that it requires 
manual cleaning. 
mostly of rags. 

A baffle was also placed at the inlet 
to the flow into the organic return 
pump restricting the width of flow to 
accelerate velocity, which appeared to 
better wash the grit being picked up 
by the rake. These minor changes are 
necessary when operating at less than 
capacity. When full flows are reached 
it is possible that these changes may be 
eliminated. 


Screenings consist 


Grease Removal 


The grease removal unit removed 
157,333 gal. of grease during the year, 
which is equal to 149 gal. per million 
gallons of sewage. This volume is 
102,000 gal. more than that of the 
previous year and is due, in part, to 
an improved adjustment of the air sup- 
ply, which seems to fleat more of the 
grease to the surface. 


Primary Settling 


The scum removal equipment oper- 
ated well during the year and 29,480 
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gal. of seum were pumped to the di- 
gesters. The method adopted a year 
ago of recirculating the bottom liquor 
from the scum well through the pri- 
mary settling tanks was continued be- 
cause the results obtained certainly 
justified this procedure. 


Aeration 


The suspended solids of the mixed 
liquor in the aeration tank averaged 
2,186 p.p.m. with a sludge index of 
172. This is exactly the same index 
as for the previous year, despite the 
fact that the mixed liquor then con- 
tained only 1,254 of suspended solids. 
The aeration period averaged 4.31 hr. 
for the year, with a ratio of 1.17 cu. 
ft. of air per gallon of sewage. In- 
creasing the suspended solids of the 
mixed liquor to correct the foaming 
of this tank resulted in better than 
a 90 per cent reduction of foaming. 
Final Settling 

Both final settling tanks were kept 
in operation throughout the year giv- 
ing an average detention period of 
3.04 hours. Excellent results of final 
settling were noted and on only very 
few occasions did any rising sludge 
appear to pass over the outlet weirs. 
During periods of low flow, which gen- 
erally occurred from midnight to 8 
AM, chlorinated effluent water was re- 
circulated through the plant units to 
control and minimize the detention 
time in the final tanks. This 
cedure worked very well. 

The chlorination of returned sludge 
was practiced on several extended trials 
during the year. The results were at 
times highly satisfactory and appeared 
to lower the sludge index. At other 
times no appreciable improvement 
could be determined. 


pro- 


Digestion 

The sludge digesters were operated 
in several ways during the year. They 
were first operated in parallel to de- 
termine the effect of small amounts of 
mineral oil on digestion. When results 
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indicated that this did not interfere 
with the process, probably because of 
the very small amounts present, the 
digesters were then operated single 
stage and the digested sludge was then 
transferred to the second digester for 
storage and compaction. However, the 
supernatant liquor from the second di- 
gester still contained about 15 per cent 
solids and this imposed a load on the 
primary settling tanks. Digester op- 
eration was then changed so that only 
top-level supernatant liquor of 15 per 
cent solids was transferred to the sec- 
ond digester and the resulting top-level 
supernatant liquor from the second di- 
gester then containing less than 0.5 per 
cent solids can be returned to the pri- 
mary tanks with little their 
operating efficiency. 


loss in 


Sludge Filtration 


Results of filter operation were poor 
because of the low solids content of the 
sludge. The ferric chloride needed to 
condition the sludge averaged 7.27 per 
cent and the filter production reached 
only 2.45 lb. per square foot per hour. 
A total of 268 tons of filter cake, aver- 
aging 78.5 per cent moisture was pro- 
duced, which is equal to 58 tons of dry 
solids. 

By completing the installation of 
pumping equipment, it is now possible 
to use final effluent water for sludge 
elutriation, supplying wash water in 
any desired ratio to that of the sludge. 


Miscellaneous 


During the vear a duplex alarm sys- 
tem was installed on the plant water 
pressure tank. One alarm guards the 
pump and controls that feed plant 
water into the pressure tank; the other 


alarm guards the air compressor sys- 


tem. These alarms are a great help 
in maintaining continuous operation of 


the plant water system. 


Recommendations 
Adequate facilities 
should be provided so that the entire 
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Average 


$0,440 
Sewage treated, total (m.g.)...... 1,058.08 
Sewage flow (m.g.d.)........ 2.89 


Per capita (g.p.d.)..... ae 90 


Indus. wastes (%)............. 15 
Grease (gal./m.g.).. . 149 
Primary settling data: 

Det. period (hr.)....... 1.26 

Sludge (gal./m.g.). . 6,407 

Skimmings (gal./m.g.).... 289 
Aeration tank data: 

Aer. period 4.31 

Air supplied (cu. ft./gal.).... 1.17 

Ret. sludge (%)............ ; 29 

Mix. liq. susp. sol. (p.p.m.)..... 2,186 

D.O., outlet (p.p.m.)....... 5.3 
Final settling data: 

Det. period (hr.) .......... 3.04 

Sl. returned, tot. (m.g.)... 343 

Sl. wasted, tot. (m.g.) ...... 8.04 


Sludge susp. sol. (p.p.m.)....... 4,523 

D.O., effl. (p.p.m.)....... 

D.O., sludge (p.p.m.). . 
Chlorination data: 

Total used (Ib.)........ ; .. 20,872 


Applied (p.p.m.)..... 2.1 
Residual (p.p.m.)...... 0.51 
Sludge digestion data: 
Sl. to dig., total 6.96 
Gas produced : 
Total (all. ot. 13.84 


gas production may be utilized for 
more economical operation of the plant 
processes. 

The plant water line should be ex- 
tended to the river so that river water 
may be used in place of city water, 
with the resulting saving of most of 
the cost for city water. 


The sewage 


Greece, N. Y.., 


treatment plant at 
is of the mechanical aera- 


* Presented at 1953 Spring Meeting, New 
and Industrial Wastes 
June 8-9, 1953 


York Sewage 
Rochester, N. Y.; 
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Item Average 


Per m.g. sewage (cu. ft.)..... 13,084 
Per capita daily (cu. ft.)..... 1.25 
Vacuum filtration data: 
Dig. sl. to filt., tot. (gal.)... . $52,940 
Solids (%).. ee 4.00 
Vol. solids (%).. 54.0 
Filter cake, total (tons)... . 268.17 
Cake moisture (%)........ 78.4 
Cake dry solids, tot. (tons) . 58.11 
FeCl; used, tot. (Ib.)........... 8,523 
Ratio, FeCl;-dry solids (%)..... 7.37 
Filter rate (Ib./sq. ft./hr.)...... 2.45 
Suspended solids: 
Raw sewage (p.p.m.)..... 169 
Final effi. (p.p.m.).... 12 
Reduction (%)..... . 93 
5-Day B.O.D.: 
Raw sewage (p.p.m.).......... 193 
Final effi. (p.p.m.)..... 12 
Reduction (%).... ; 94 
Operating cost ($): 
Salaries...... 34,200.00 
Electricity . . 12,535.65 
Chemicals... .. 3,050.80 
1,638.45 
Telephone. . . 234.73 
Fuel oil and coal......... 260.95 
Equip. and repairs...... . 3,651.80 
Special fund. ............ .... 5,910.01 
Miscellaneous '’....... 1,040.54 
Per m.g. treated ..... 59.88 


A classification rating system should 
be established as an incentive program 
for the employees at the treatment 
plant. 

A civil service system should be 
adopted for the employees. 

Table IV summarizes operating data 
for the year. 


tion activated sludge type and was de- 
signed to handle 1 m.g.d. when con- 
structed in 1938. Many of the operat- 
ing problems currently encountered are 
caused by the 1.5-m.g.d. flow the plant 
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is called upon to handle throughout the 
greater part of each day. Some of 
the problems that have arisen are de- 
scribed in this paper, as well as the 
methods of solving them. 

The municipal sewer system is un- 
der its own superintendent, who also 
is the plumbing inspector for the town, 
with the sewer system being operated 
entirely separately from the treatment 
plant. 


Plant Description 


The treatment plant is situated in 
the northeast part of the town about 
1 mi. from Lake Ontario. This is the 
most thickly populated section of the 
town and now comprises about 18,000 
persons, or about two-thirds of the 
population. The plant effluent dis- 
charges into Slater Creek, which in 
turn flows into Little Pond and thence 
into Lake Ontario. The fact that the 
New York Water Service Corporation 
draws water from Lake Ontario near 
the Little Pond outlet, together with 
the proximity of popular bathing 
beaches and fishing grounds, influenced 
the decision to activated sludge 
treatment with incineration of sludge. 
The flows in the outlet creek are small, 
but the plant built the 
Rochester Gas and Electric Company 
has constructed a large electric sub- 
station along Little Pond and now dis- 
charges into the pond cooling water 
amounting to many times the volume 
of the plant effluent. 

The sewage flows to and throug: the 
plant by gravity, and only domestic 
sewage is treated. All flows are re- 
corded by an orifice meter. The major 
plant units include grit chambers, com- 
minutors, primary tanks with straight- 
line sludge collectors, 
with downdraft 


use 


since was 


aeration tanks 


mechanical aerators, 


final settling tanks with circular sludge 
collectors, and effluent chlorinators and 
contact tank. 
cludes thickener tanks, vacuum filters, 
and a six-stage incinerator. 
is a flow diagram of the plant. 


Sludge equipment in- 


Figure 1 
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In 1952 the average detention time 
in the primary tanks, aeration tanks, 
and final tanks was about 1144, 84, 
and 3 hr., respectively. The B.O.D. 
averaged 199 p.p.m. in the raw sewage, 
160 p.p.m. in the primary effluent, and 
40 p.p.m. in the final effluent, or a 
reduction of 78.3 per cent. The sus- 
pended solids averaged 207 p.p.m. in 
the raw sewage, 129 p.p.m. in the pri- 
mary effluent, and 49 p.p.m. in the 
final effluent, or a reduction of 73.8 
per cent. Daily flow during the past 
year has been 1.1 m.g.d. At night the 
flow goes down to 0.6 or 0.7 m.g.d., 
but during the day runs close to 1.5 
m.g.d. 

Because problems have been encoun- 
tered with nearly every unit and piece 
of equipment in the plant, the diffi- 
eulties are considered here by unit 
as encountered in the flow diagram. 
Most of the difficulties obviously arise 
from operation of a 15-year-old plant 
with equipment overloaded and wearing 
out. 


Unit Problems 
Grit Chambers 


Diversion of the flow at the grit 
chambers originally was accomplished 
by 3/16-in. steel gates operated manu- 
ally. Excessive corrosion made chang- 
ing of these steel plates so difficult that 
they were finally replaced with new 
plates made of aluminum. 

The grit itself was pumped from the 
pits with a 4-in. diaphragm pump and 
discharged into a truck-mounted tank 
for disposal by burying. This opera- 
tion was so time-consuming and bother- 
some that an 8-in. tile sewer was laid 
to a lagoon dug in back of the plant 
and the pump was mounted on a perma- 
nent base near the grit chambers. The 
pump installation was camouflaged by 
a wooden, 
‘wishing 
making it 


knock-down, ornamental 
type of structure, 
readily available for use 
but disguising it when not needed and 
protecting it from the weather. Now 
all the operator need do is drop the 
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pump intake hose into the grit chamber 
pit and pump directly to the lagoon. 

On recommendation from the state 
sanitary engineer, a chemical called 
ET No. 3, purchased from the Roch- 
ester Germicide Company, is mixed 
with the grit, along with some lime. 
The same chemical also is hand-sprayed 
over the surface of the lagoon for ad- 
ditional odor control. 


Comminutors 


Considering the type and amount of 
service involved, the comminutors have 
not given too much trouble outside of 
requiring occasional changes of teeth. 
It has been found, however, that when 
the pipe is not running full the splash- 
ings on the upper rings seem to harden 
and gradually build up until the slots 
It is then necessary to 
chisel out this hard cement-like grease 
to restore the full flow capacity of the 
machine. In 1952 it was necessary to 
replace a drum and comb, as well as to 
elongate the stud holes in the comb 
and re-dowel it due to changes in de- 


become closed. 


sign in the 15 years since the machine 
was installed. 


Primary Tanks 

Each spring the primary tanks are 
cleaned and the metal parts are painted 
with a corrosion-inhibiting paint. At 
the same time, damaged wooden flights 
are replaced, along with the metal 
flight shoes. In 1952 this job was re- 
peated three times, due to the influx 
of mud and clay after every spring 
storm. The clay packed in the bottom 
of the tanks like cement, resulting in 
broken flights and chains. The trouble 
was traced to a new housing develop- 
ment, where the lateral were 
being removed so as to drain the cel- 
lars under construction. It was im- 
possible to prove anything, however, 
and the situation has not arisen since 
the dwellings were completed. 

Another problem with the primary 
tanks was the thick blanket of scum 
and grease that collected back of the 
baffles on the influent end of the tanks. 


caps 
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Sewage enters the tanks through sev- 
eral ports and is then slowed up by a 
baffle. It was behind this baffle that 
the scum blanket formed, gradually 
restricting the entry ports. The loca- 
tion was a miserable place to clean, as 
the tanks are permanently covered a 
this point with a concrete deck, re- 
quiring getting into the inlet channel 
with boots and working through the 
ports to break up the mess. To make 
matters even more unpleasant, the 
scum would become septic if left very 
long. The condition was finally re- 
lieved by cutting about 8 in. off the 
top of the baffles, thereby allowing 
some flow over them. This keeps the 
scum blanket from forming, as the 
material is continually washed out into 
the tank. At the same time a small 
air line was run to the primary tank 
influent channel. Although much too 
small for complete grease removal, the 
air line does help a great deal to float 
grease out of the sewage in the pri- 
mary tanks. 


Aeration and Final Tanks 


During the summers of 1951 and 
1952 all eight aeration tanks and both 
final tanks were carefully overhauled. 
All metal work was painted and the 
concrete was patched where it had de- 
teriorated near the water line. Con- 
erete patching of this type will un- 
doubtedly be a continuing job from 
now on. It was found that by using 
a rich mixture, preparing only a small 
quantity at a time and making it of 
the consistency of a good plaster, then 
leaving it for a few minutes until the 
initial set took place, the concrete patch 
when applied would hold and not tend 
to shrink away from the original work. 

In cleaning the aeration tanks about 
2 tons of iron ore were found in the 
No. 1 tank. This obviously came from 
the magnetite filters that were part of 
the original final tank installation. 
Incidentally, the magnetite filters had 
been removed about 10 years previ- 
ously. 
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Although the motors on the mechani- 
cal aerators are out in the weather 
and have run continuously since the 
plant was built, only two or three of 
them have needed repairs, mostly in 
the form of new thrust bearings, a job 
taking 4 or 5 hr. Despite this remark- 
able record, in 1952 it was decided to 
purchase a spare motor as an added 
precaution against major breakdown. 


Sludge Thickeners 


A few changes were made recently 
in the sludge thickening tanks. 
Originally the waste activated sludge 
was piped to the thickener tanks, 
where it was mixed with the raw pri- 
mary sludge. The mixing was done by 
air agitation from coventional diffuser 
tubes. These plugged up so often, 
however, that they were removed and 
replaced by three 114-in. pipes of 8-, 
12-, and 16-ft. length with a straight 
3@-in. nozzle on the end of each. This 
has eliminated the clogging trouble. 

Occasionally in warm weather there 
was a tendency for the tanks to foam 
and smell septic. This was eliminated 
by rerouting the waste activated sludge 
directly to the primary tank inlet. 
One unsolved problem is that of pre- 
venting small masses of sludge from 
being carried out of the thickeners in 
the supernatant as it is drawn off to the 
primary tank influent well. Different 
kinds and locations of baffles have been 
tried, but the condition has not been 
corrected as yet. 


Vacuum Filters 


Because the sludge filter drums were 
losing their vacuum and the sequence 
of operations in the cycle was slightly 
off, it was decided to dismantle these 
units and locate the trouble. This 
turned out to be a major project. Each 
filter took about a month to tear down 
and reassemble. The lime coating was 
so thick that acid wouldn’t touch it, 
and the operating and maintenance 
staff chipped and chiseled for days to 
remove it. The cleanup was finished 


off with muriatie acid baths. 
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In the chemical room, 150-lb. drums 
of anhydrous ferric chloride are mixed 
with water to make a 20 per cent solu- 
tion. Originally the mixing tank con- 
sisted of a standard 36-in. sewer tile 
set in a cement base. Every 4 or 5 
months the cement bottom had _ to 
be replaced because of disintegration 
caused by the heat of the chemical re- 
action and the differential expansion 
and contraction of the cement and the 
tile. Casting in a bottom of chopped 
acidproof brick and acidproof cement 
partially solved the problem, but after 
8 months the tile itself split open. 
Replacement was made with a rubber- 
lined steel tank. 

The sludge cake is conveyed from 
the vacuum filters to the incinerator 
on an endless belt. By the end of a 
week of operation the belt is heavily 
coated with sludge and hard to clean. 
A fixture holding four ordinary stiff- 
bristled brushes was made to attach at 
one end of the belt run (Figure 2). 
together with a perforated pipe to wet 
down the residue on the belt. Now 
the belt cleans itself while the operator 
is doing other shutting down chores. 


Incinerator 


The incinerator constitutes one of 
the biggest problems, no doubt due 
mostly to the operation conditions en- 
countered in the plant. Sludge is 
burned from Monday morning to about 
Thursday noon, depending on the 
amount of sludge received. The in- 
cinerator is then shut down until the 
following Monday. The heating and 
cooling raises havoc with the burner 
boxes and hearths. Replacing these 
incinerator components is about as mis- 
erable a job as one would care to 
tackle, and there are plenty of miser- 
able jobs around a sewage treatment 
plant. 

One of the major problems so far 
encountered concerned the incinerator. 
The center column is made in two 
sections, each about 10 ft. long and 
10 in. in diameter. It is geared at the 
bottom to rotate, and supports the 
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Sludge cake conveyor 


Perforated Pipe 


FIGURE ra reg made sludge belt cleaner sprays and scrubs belt during normal 
clean-up operations. 


rabble arms and teeth which break up, 
spread, and move the sludge from 
hearth to hearth. The shaft is subject 
to considerable torque, what with the 
driving gear at one end and the heavy 
wet sludge entering the furnace at the 
other end. The intense heat finally 
burned away most of the bell-and- 
spigot joint and the studs transmit- 
ting the torque at the joint between 
the shaft sections. As a result, the bot- 
tom half turned and the top half stood 
still. To replace the column meant 
cutting a hole in the roof, which was 
undesirable. Therefore, electric braz- 
ing was tried. 


The first repair attempt lasted less 
than two days before it loosened up. 
The second attempt, with special ma- 
terial put on extra thick, lasted about 
a week. It was then decided to make 
a heavy split sleeve, similar to those 
used in water main repairs, out of 
high-temperature metal and bolt it to 
both sections of the shaft. All went 
well until an attempt was made to 
drill the column, when it was found 
that the material was glassy hard and 
a drill would not even scratch it. The 
sleeve was then redesigned so that the 
studs pressed against the column at 


an angle, giving a wedging action be- 
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tween the sleeve and the column. This 
proved satisfactory and the incinerator 
has been in operation since. 


Laboratory 


Some of the items in the laboratory 
may be of interest. The first is a stop- 
pered bottle with a graduated tube and 
atomizer bulb so arranged that when 
titrating with sodium thiosulfate in 
setting up B.O.D.’s the operator with- 
out caution or skill can refill the gradu- 
ated tube to zero almost instantly and 
so save time and eliminate possible 
errors. 

Although cleanliness has always 
been stressed at the plant, particularly 
in the matter of washing hands, it was 
only recently that the advantages of 
using liquid surgical soap were recog- 
nized. This is the antiseptic soap 
used by doctors in serubbing up at 
hospitals, and is good for minor cuts 
and seratches. Undoubtedly this ob- 
vious necessity has been overlooked also 
in other plants. 


Plant Operation and Costs 


Since the first couple of years it has 
never been possible to attain the 90 
per cent efficiency expected of an acti- 
vated sludge plant. Continual experi- 
mentation is carried on, but as yet no 
consistent results are apparent. While 
cleaning the final tanks in 1952 an 
immediate improvement was noticed 
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while one or the other tank was out 
of service. A minor change in piping 
enabled these tanks to be operated in 
series instead of in parallel, with re- 
sults averaging 5 to 10 per cent better. 
The reason for the improvement is not 
apparent, as all other factors remain as 
before. 

The per capita flow of 63 g.p.d. is 
low by comparison with most plants. 
Mechanical aeration and incineration, 
of course, make the plant operating 
costs relatively high. In 1952 the 
power bill (electricity) was close to 
$5,000. Oil cost nearly $2,000, chemi- 
cals (ferrie chloride, lime, and chlo- 
rine) about $6,500, and salaries about 
$37,000. The last item includes the 
superintendent, grade I; two grade II 
and three grade III trick operators; 
one full-time maintenance man; and 
special part-time help. Miscellaneous 
items (water, insurance, telephone, re- 
pairs, paint, office, laboratory, etc.) 
amounted to about $7,300. The cost 
per m.g. of sewage treated in 1952 was 
$159, as compared with $144, $147, and 
$161 in 1941, 1944, and 1949, re- 
spectively. 

The personnel, being all licensed op- 
erators, are interested in their work 
and proud of their part in the satis- 
factory operation and cost record of 
the plant. The plant is kept scrupu- 
lously neat and clean, with the welcome 
mat always spread for all sorts of 
visitors. 


TIPS AND QUIPS 


Occupational Aspects of 
Weil’s Disease * 


In speaking before a medical group 
meeting at Liverpool, England, Dr. 
Andrew B. Semple, Deputy Medical 
Officer of Health for that city, empha- 
sized the extreme caution necessary in 
preventing the occurrence and spread 


*Extract from Jour. Royal Inst. 
Health and Hyg., 15, 12, 303 (1952). 


Pub. 


of Weil’s disease among sewer work- 
ers. The following is a digest of Dr. 
Semple’s remarks: 


Weil’s disease is a scheduled disease 
under the National Insurance (Indus- 
trial Injuries) Act, 1946. The occur- 
rence of Weil’s disease in a workman, 
provided that the infection arose out 
of his work, renders him eligible for 
Industrial Injuries benefit in aecord- 
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ance with the Act. The attention of 
the Public Health Department of 
Liverpool, England, had been drawn 
to the occupational aspects of the dis- 
ease by the occurrence of a number 
of cases, all in corporation workmen 
employed as sewer laborers. Seven 
cases have occurred since 1947. Of 
these, three have proved fatal, one in 
1949 and two in 1951. The men fre- 
quently got their arms and hands con- 
taminated with sewage and no proper 
washing facilities were provided on 
these jobs so that the men tended to 
disregard the contamination and 
personal cleanliness was difficult to 
achieve. The Leptospirae gain access 
through cuts and abrasions. 

Nowadays, on the larger jobs, clean 
towels and soap are provided and the 
men are encouraged to use them. This 
should be particularly emphasized be- 
fore eating or smoking, and cuts or 
abrasions should be dressed as soon 
as possible with waterproof adhesive 
dressings. The use of wet barrier 
creams was tried, but not found satis- 
factory for the purpose. Rubber boots 
are worn on all foul jobs, but rubber 
gloves are not regarded as suitable 
owing to their liability to tear and 
to become contaminated. Waterproof 
overalls also are provided. 

One of the difficulties is that Weil's 
disease is a. somewhat rare complaint 
which is not very familiar to the gen- 
eral practitioner, with the result that 
in certain of the cases the true nature 
of the infection was not diagnosed for 
some days. All men in contact with 
sewage are now given a card carrying 
some simple instructions in personal 
hygiene and also a description of the 
symptoms of the disease, which they 
are recommended to show to their doc- 
tor if they are obliged to consult him. 
Doctors are advised to get into touch 
with the Public Health Department in 
all doubtful cases. This step has been 
much appreciated by both the prac- 
titioners and the men. 

Of course, the main protective meas- 
ure is to prevent the sewage from be- 
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coming infected with Leptospirae, and 
to this end an intensive campaign of 
rat extermination is being planned, 
since this rodent is the principal vector 
of the disease. Experiments have 
shown that about 38 per cent of rats 
are carriers of Leptospira icterohaemor- 
rhagiae. Rat destruction in the sewers 
should go on simultaneously with ro- 
dent control operations above ground. 
It is hoped by full application of these 
various methods to reduce greatly the 
morbidity and mortality from Weil’s 
disease in Liverpool. 

During World War II there were 
several minor epidemics of this disease 
in the neighborhood of London, but 
since then only a few sporadic cases 
have been reported. 


Sanitary Sludge Shovelers 
Expand into Texas 


In what may be an effort to provide 
sufficient swinging space for each and 
every member of the Select Society of 
Sanitary Sludge Shovelers, a new 
‘‘chapter’’ of that rather exclusive or- 
ganization is being established in 
Texas. The sponsoring group in this 
case is the Texas Sewage and Indus- 
trial Wastes Section of the Texas Wa- 
ter and Sewage Works Association. 

This is the third ‘‘chapter’’ of the 
Society. Earlier ones have been in 
operation for some years in Arizona 
and Pennsylvania. 


Accident Prevention Handbook 


Written for the man who must di- 
vide his time between safety work 
and other responsibilities, a %6-page 
‘‘HWandbook of Accident Prevention’’ 
recently published by the National 
Safety Council offers many helps and 
suggestions for those concerned with 
safety programs. Although mentioned 
briefly in a previous ‘‘Corner’’ 


JOURNAL, 25, 9, 1118; Sept., 1953), the 
handbook appears to be so excellent a 
as to merit this further no- 
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tice calling it to the attention of plant 
operation and supervisory personnel. 

The first chapter illustrates the sim- 
plicity of starting accident prevention 
work in any business, including who, 
why, and how; the basic records 
needed ; and methods of safety instruc- 
tion and leadership. The remaining 
chapters deal with specific conditions 
to be controlled for safe operation, as 
well as with industrial health and first 
aid, and the help and information 
available on safety matters from many 
organizations. 

Excellent illustrations and clear de- 
scriptions, combined with a practical 
approach to the subject of plant safety, 
make the handbook especially readable. 
Copies are available from the National 
Safety Council, 425 North Michigan 
Ave., Chicago 11, IL, at $1.50 each. 


Cold Gaivanizing Process 


What is claimed to be an entirely 
new method of cold galvanizing for 
surface protection of steel and iron has 
been announced. According to the 
manufacturer, Galvicon Corp., 40 West 
29th St., New York 1, N. Y., the new 
process utilizes a cold galvanizing com- 
pound known as ‘‘Galvicon,’’ which is 
not a paint, but actually combines 
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with the base metal. Although cheaper, 
it is said to equal and in many cases 
outperform other surface protection 


techniques, including electroplating, 
hot-dipping, cementation, spraying, 


and painting. The compound may be 
applied with an ordinary paint brush, 
an electric spray gun, or by cold dip. 
Special equipment or personnel train- 
ing is not necessary and the compound 
can be applied to an assembled struc- 
ture in place. Tack-free drying is ac- 
complished within 40 min. of applica- 
tion; the coated object can be used 
within 48 hr. 


Glazing with Plexiglas Licks Sludge 
Bed Breakage 


By replacing the glass lights in the 
roof of its sludge drying bed cover 
with panels of transparent acrylic 
plastic, the Borough of Brooklawn, 
N. J., has solved a breakage problem 
that had plagued borough officials for 
many years. 

The sludge bed cover, a standard 
60-ft. by 24-ft. greenhouse structure 
(Figure 1), is adjacent to a playground 
area. Small boys who throw stones 
have found it a fine target. During the 
years before April, 1952, when the 
glass panes were replaced with 1¢-in. 


FIGURE 1.—Minimum breakage of glazing at this covered sludge drying bed in Brook- 
lawn, N. J., resulted from the replacement of glass lights in roof with 1/8-in. thick panels 


of Plexiglas. 


Sides and operable vent sections along peak of roof are glass-glazed. 
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thick, shatter-resistant Plexiglas, an 
average of 200 panes were broken annu- 
ally, at an average yearly reglazing cost 
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turn resulted in maximum efficiency in 
the control of sewage odor in the com- 
munity. 


of $300 to $400. 

As of August, 1953, after 16 months, 
the acrylic plastic panels had resisted 
breakage to the extent that only two 
had been cracked, and a dull-edged tri- 
angular piece had been broken out of 
a single panel by a particularly heavy 
and sharp rock. According to C. D. 
Scott, borough engineer, the breakage 
problem is a thing of the past. 

The plastic panels, 16 in. by 24 in. 
in size, were installed the same as glass 
lights, using a permanently soft glaz- 
ing compound along the vertical sup- 
porting ribs of the greenhouse, and 
l-in. overlaps from top to bottom. 

In addition to the cost savings, the 
freedom from breakage resulting from 
the replacement program has brought 
several concurrent advantages. Since 
heat loss through broken panes is mini- 
mized, the activated sludge dries more 
quickly. Quicker drying, plus virtual 
elimination of roof openings, has in 


Alkalinity Indicator 


According to The Settling Tank,* 
newly established monthly news  bul- 
letin for employees of Cincinnati's 
Little Miami sewage works, methyl 
purple is now available for use in 
alkalinity titrations. The end point is 
said to be a distinct purple and to be 
pleasingly sharp and far superior to 
that of methyl orange. 

Incidentally, the editors of the new 
publication, Superintendent P. 
Backmeyer and Assistant Superin- 
tendent A. E. Schwer, Jr., have indi- 
cated an exceptional grasp of the 
present-day trends in sewage treatment 
by their cover design—a settling tank 
dormant, surmounted by a privy ram- 
pant with a television aerial projecting 
from its roof! 


* Vol. 1, No. 2 (Nov., 1953). 


OPERATION REPORT COMPETITION RESUMED 


Competition for the William D. Hatfield Awards is to be resumed 
after a two-year suspension because of former lack of sufficient interest. 
The awards are made annually for outstanding waste treatment plant 
operation reports in three size classes—less than 10,000 population or 
equivalent, 10,000 to 100,000 population, and more than 100,000 popula- 
tion. In addition, a previous winner’s award may be granted in each 
size class. Operators of industrial waste treatment plants as well as 
operators of municipal sewage treatment plants are encouraged to 
compete. 

Superintendents or operators planning to submit reports for consid- 
eration in the competition should be sure to check the rules governing 
entry, judging, and procedure, as published in Tuts JourRNAL, 22, 1, 137 
(Jan., 1950). To be eligible for the 1954 awards, entries must be re- 
ceived by the Secretary of the Federation of Sewage and Industrial 
Wastes Associations not later than June 1, 1954. Any report entered 
in the 1954 competition must cover a 12-month period of operation be- 
ginning April 1, 1952 or after. 
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Reviews and Abstracts* 


The Allegheny County Sanitary Authority 
Project in Western Pennsylvania. By 
S. M. Dore. Jour. Boston Soc. Civ. 

Eng., 40, 2, 103 (1953). 


Allegheny County comprises 745 sq. mi. 
and in January, 1948, contained 129 
municipalities, including the city of Pitts- 
burgh. The population was then about 
1,600,000. The Authority was created 
under the Municipal Authorities Act of 
1945 of Pennsylvania and incorporated on 
March 12, 1946. The Authority Board 
consists of five members, each with a term 
of five years, one Board member to be 
named each year. 

Funds are temporarily borrowed from 
FWA, the city of Pittsburgh, and grants 
by the state. The construction costs and 
loans are to be financed by 40-year revenue 
bonds, with an interest rate not exceeding 
6 per cent. 

Pittsburgh has decided to build its own 
project, with the participation of some 62 
municipalities. This project includes about 
65 mi. of main intercepting sewers, with a 
sewage treatment plant for 150 m.g.d. 
The present population is about 1,250,000. 
The intercepting sewers are designed to 
receive the flow from combined sewers up 
to 250 per cent of the average dry weather 
flow. Much of the sewer work will be 
built in tunnel, which may be as much as 
90 ft. below the local sewer. Collateral 
interceptors are also provided, about 65 mi. 
long. 

A main pumping station will lift the 
sewage to be treated into primary treat- 
ment works, including aerated grit 
chambers, pre-aeration (45 min.), and 
sedimentation. 

It is proposed to remove 50 per cent of 
the 5-day B.O.D. and about 70 per cent 
of the suspended solids. About 0.08 cu. ft. 
of air per gal. of sewage will be available. 
Pre-chlorination can be used, if necessary. 


Sludge handling will be by a new method, 
wherein raw sludge will. be transported 
daily from the sedimentation tanks, heated 
to 35°C., and placed in concentration tanks 
for 5 days or less. The sludge is expected 
to float in the first 24 hr. of concentration, 
and at the end of 5 days should be com- 
pressed sufficiently to be pumped to the 
incinerator. The subnatant liquor will be 
drained off. The ash will be dumped on 
nearby spoil areas. 

Financing is assumed to be handled with 
40-year serial revenue bonds, with interest 
at 3 per cent. Sewer service charges will 
be based on a schedule based on water use. 

LANGDON PEARSE 


Potash Industry Wastes in the Weser 
District. By F. Serrerr. Gesundh.- 
Ing., 73, 399 (1952). 


The potash industry wastes contain pre- 
dominantly magnesium hardness and 
chlorides. The total salt, magnesium, and 
chloride content are on the order of 400, 
50, and 200 g. per |., respectively. De- 
pending on the raw material, the volume of 
waste varies from 30 to 250 cu. m. per 
million kg. Stream standards for the 
Weser at Bremen were set at 350 p.p.m. 
chlorides and 23° total hardness (410 
p-p.m. CaCO ;). These standards are met 
by storing the waste and adjusting dis- 
charge to stream flow. Storage tanks and 
metering devices are described. In the 
Weser district an excess of more than 
12,000,000 cu. m. was discharged to sub- 
terranean caverns in 1949. Very little 
well and spring water contamination oc- 
curred. Discharge of the wastes directly 
into the North Sea by means of a trunk 
sewer been prevented by high costs and 
materiu: shortage. Processing changes to 
flotation methods requiring less water are 
under way. Perer K. MUELLER 


* Please send to Federation headquarters all periodicals, bulletins, special reports, etc., which 


might be suitable for abstracting in Tu1s JourNAL. Publications of public health departments, 
stream pollution control agencies, research organizations, and educational institutions are par- 
ticularly desired. Address such material: Federation of Sewage and Industrial Wastes Assns., 


325 Illinois Bldg., Champaign, III. 
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Use of Sludge Gas. 
(1953). 


A brief description of the methods of 
sludge gas utilization at Croydon, England. 
The gas serves for generation of heat and 
electricity, and in addition as fuel for more 
than 60 motor vehicles, resulting in an 
annual saving of some 85,000 gal. of 
gasoline. M. C. Rann 


Surveyor, 112, 66 


Operation and Maintenance Experiences 
on a Medium-Size Sewage Works. By 
A. MarsHaty. Surveyor, 112, 117 
(1953). 


The plant described treats a dry weather 
flow of 600,000 g.p.d. (Imp.) by two-stage 
sedimentation, trickling filters, and humus 
tanks. Various methods of sludge treat- 
ment have been employed, including filter 
pressing, heat treatment, and digestion. 
The discussion of the practical operation of 
the Porteus process (heat treatment) is 
especially enlightening. M. C. 


Pollution of the Pilicy River. By I. 
CABEJSZEK, B. Koziorowsk1, Z. MAta- 
NOWSKI, ANDS. WLopEK. Gaz, Woda i 
Tech. Sanit. (Poland), 27, 1, 9 (1953). 


During the period July 31 to August 13, 
1952, a study was made of the Pilicy River. 
Twenty-three sampling points were located 
along the 342-km. stretch of the river, and 
12 sampling points were located on 12 trib- 
utaries. Chemical, bacteriological, and bi- 
ological analyses were made on the samples 
collected. The authors conclude that the 
river may be divided into three pollution 
zones; namely, (a) from the source to a 
point 41 km. downstream there is some 
biological and bacteriological pollution, (0) 
from km. 41 to km. 211 there is definite 
and fairly constant pollution, and (ce) from 
km. 211 to its confluence with the Vistula 

tiver (at km. 342) there is some pollution 
as evidenced by chemical tests and definite 
pollution as indicated by biological and 
bacteriological findings. Samples collected 
on the tributaries showed very heavy pol- 
lution in the Wolborka River, defi- 
nite pollution in the Luciaza, Gace, and 
Mogielnianka Rivers, and none in the 
remaining tributaries sampled. The chief 
sources of pollution were the cities of Pilice, 
Szezekociny, and Tomaszow Mazowiecki. 
Although the sanitary state of the river is 
not too critical over any lengthy stretches, 
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the suggestion is made that conditions 
could be improved appreciably through the 
construction of adequate sewer systems 
and treatment plants at two places. 


ConraD P. STRauB 


Effect of Biata River Pollution on the Dun- 
ajec River. By Lestaw TuropoyskI. 
Gaz, Woda i Tech. Sanit. (Poland), 27, 
1, 16 (1953). 


Sanitary surveys were made of the Biata 
and Dunajee Rivers during the period 
December 1949 through December 1951. 
Even though biological and chemical test 
results indicated sufficient pollution of the 
Biata River, it was not felt that this pollu- 
tion was harmful to the flora and fauna 
of the river. Samples collected below the 
confluence of the Biata and Dunajec Rivers 
showed the presence of organisms typical 
of polluted waters. Polysaprobic organ- 
isms were found in the Biata River, and at 
the confluence of the Dunajec and Vistula 
Rivers in relatively small numbers. Oli- 
gosaprobic and mesosaprobic organisms 
did not differ materially in numbers with 
those found above the confluence of the 
Biata River. Conrap P. Srraus 


Public Health Aspects of Sewage Farming. 


By Boupan Koziorowskl. 
t Tech. Sanit. 
(1953). 


Gaz, Woda 
(Poland), 27, 4, 100 


Considerable benefit may be derived 
from the use of sewage to irrigate farms, 
meadows, and forests. The question is: 
What type of treatment should be pro- 
vided to eliminate the possibility of the 
spread of disease by bacteria and parasites 
found in the For maximum 
safety, secondary treatment of the sewage 
should precede its use in sewage farming, 


sewage? 


but this is costly and sewage receiving see- 
ondary treatment has less fertilizer value 
(reported as 20 per cent less) than sewage 
given primary treatment. Studies have 
shown that lower yields of hay were ob- 
tained from fields irrigated with secondary 
treatment effluent as compared with yields 
from fields irrigated with primary treat- 
ment effluent. The author recommends 
the spraying of primary treatment effluent 
on fields and forests and cautions that pro- 
duce taken from these fields should be 
processed properly before consumption. 


ConraD P. Straus 
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Small Sewage Treatment Units. By I«- 
nacy AKSAMIT AND TapEusSZ Mazur- 
KiEwicz. Gaz, Woda i Tech. Santt. 


(Poland), 27, 4, 102 (1953). 


Small sewage treatment plants serving 
several homes should be provided, rather 
than individual treatment units, because 
of lowered costs and the fact that indi- 
vidual units are not very efficient as treat- 
ment units. Among the units discussed 
are absorption pits, septic tanks, two-story 
tanks (modified Imhoff or so-called “fresh- 
water tanks’’), tile absorption fields, trick- 
ling filters, and irrigation systems. In the 
discussion of each type of treatment facil- 
ity the author cites German, Swiss, Rus- 
sian, or American practice, and standards 
where these have been published. Septic 
tanks should be designed to provide a 
detention time of 10 to 20 days and the 
effluent should be discharged into an aer- 
ated tile field or should be aerated to 
remove the H.S before discharge into the 
tile field. The author states that there 
has been considerable experimental study 
of household sewage treatment units and 
that these studies have shown that the 
small prefabricated type of two-story tank 
(fresh-water tank) did not give satisfac- 
tory results because of inadequate design 
and maintenance. Since this type of unit 
has found extensive use in Poland, oper- 
ating and maintenance procedures should 
be evaluated to determine optimum oper- 
ating conditions for maximum efficiency. 


Conrapb P. 


Sewer Inverts. By Wtopzimierz Skor- 
ASZEWSKI. Gaz, Woda i Tech. 
(Poland), 27, 6, 168 (1953). 


Sanit. 


An examination of some of the sewers 
of Warsaw indicated that the inverts had 
been damaged and had to be replaced. 
Damage to the sewers could result in two 
ways—chemical corrosion due to acid 
wastes, and mechanical abrasion due to 
sand and other material in the sewage. 
The author tells of attempts to develop a 
suitable precast invert which would sim- 
plify replacement, which would be econom- 
ical, and which could be built of local 
materials. A prefabricated vitrified tile 
invert supported on a concrete cradle is 
described and the advantages of such a 
unit are given. Conrap P. Straus 
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Sand Filtration and Micro-Straining in 
Sewage Treatment. By 8. C. Evans 
AND F. W. Roperts. Surveyor, 112, 
151 (Feb. 28, 1953). 


This paper presents the diseussion of a 
report of the first year’s operation of rapid 
sand filters and mechanical filters for the 
purpose of effluent improvement. The 
original paper is summarized in The Sur- 
veyor, 111, 733 (1952), and presents the 
conclusion that both methods are practical 
for reducing the suspended solids content 
of sewage effluents. The discussion raises 
numerous interesting and pertinent points, 
relating principally to the factors influenc- 
ing a choice between these two systems. 


M. C. Ranp 


The Design and Construction of the Tins- 
ley Sewerage Scheme, Sheffield. By 
N. A. Prircuarp. Jour. Inst. Mun. 
Eng., 79, 461 (1953). 


Tinsley, a congested suburb of Sheffield, 
England, consisting mainly of industrial 
and old residential property, is drained, 
mainly by a combined system, to the old 
Tinsley sewage disposal works. These 
works cannot be extended and are now 
fully loaded, the 15-in. outfall sewer being 
surcharged to road level in times of storm. 
The Sheffield Corporation intends to de- 
velop as an industrial estate a large waste 
area of approximately 600 acres adjacent 
to the existing Tinsley development. Some 
350 acres of this area will drain into the 
Tinsley sewers and it has been decided to 
provide a new sanitary outfall sewer to the 
main Sheffield disposal works at Blackburn 
Meadows. (This latter works will, in 
time, take some, or all, of the existing flow 
to the Tinsley works.) At the same time 
the surface drainage of the new industrial 
area will be discharged into the River Don 
by a separate system. 

The paper is of interest as a description 
of a fairly large sewerage scheme in a con- 
gested industrial area. The existing devel- 
opment of the area provided several 
physical obstacles to the new sewerage 
scheme: banks of electric feeder cables, 
railway tracks, a river, and a canal. The 
foul sewer was constructed mainly of vitri- 
fied clay, with four pipes of 24-in. to 36-in. 
diameter. The storm-water sewer was 
built of precast reinforced concrete pipes 
of from 57-in. to 72-in. diameter. The 
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paper describes in some detail the design 
and methods of construction that were 
adopted to overcome the obstacles men- 
tioned. P. C. G. Isaac 


Oxford Sewage Pumping and Purification 
Scheme. By A. W. Suitston. Jour. 
Inst. Mun. Eng., 79, 525 (1952-3). 

The present sewerage scheme for the 
city of Oxford was constructed in 1872-80 
to serve a population of about 30,000. 
The sewage ‘“‘farm,’’ only slightly enlarged 
(from 320 to 370 acres), now serves a pop- 
ulation of about 107,000. The city is sew- 
ered mainly on the separate system and the 
sewage, of medium strength by British 
standards, consists mainly of domestic sew- 
age with some trade effluents, chiefly from 
the automobile industry at Cowley. A 
water consumption of 40 to 42 g.p.d. 
(Imp.) has been assumed; the normal 
future maximum rate of flow to be designed 
for is 14.6 m.g.d. (Imp.) The paper 
describes in detail the design of this new 
scheme for the city and the bases of design. 
The first part of the new scheme is a low- 
level pumping station at Littlemore. This 
is immediately preceded by hand-raked 
coarse screens, mechanical fine screens with 
disintegrator returning the macerated 
screenings to the sewage flow, and flume- 
controlled grit channels. The grit is 
washed and used for fill. The new treat- 
ment plant will provide primary settling 
before aeration in Simplex high-intensity 
tanks. After final settlement the effluent 
is discharged to a tributary of the River 
Thames. Digested sludge is elutriated 
in two stages and vacuum filtered after 
conditioning with chlorinated copperas. 

P. C. G. Isaac 


Sewage Disposal Project Cleans up San 


Francisco Bay. By R. C. 
Civil Eng., 23, 6, 46 (1953). 


KENNEDY. 


The article discusses problems of infil- 
tration, storm-water and combined sewers, 
the type of sewers used, and construction 
methods in laying the outfall sewer into 
the Bay. Description, sizes, and design 
loadings of the separate sedimentation- 
sludge digestion type plant are included. 

W. A. HASFURTHER 


Miami Tackles Multi-Faced Pollution 
Problem. By E. SHERMAN CHASE. 
Civil Eng. 23, 7, 40 (1953). 
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Population growth and physical features 
of the area are given with a brief descrip- 
tion of the proposed sewer layout, pumping 
stations, and treatment plant. 

W. A. HASFURTHER 


Trickling Filter Sewage Plant Built to 
Remove Radioactive Wastes. By A. L. 
BILaDEAU. Civil Eng., 23, 8, 58 (1953). 


The plant described is a conventional 
separate sedimentation-trickling filter in- 
stallation with design capacity of the 
digester at 5 cu. ft. of storage per capita 
and trickling filter design of 1 m.g.a.d. 
plus recirculation of 5 to 1. The extra 
allowances have been found necessary to 
reduce radioactive contaminants. 

W. A. HasFURTHER 


Rainhili (Lancs.) Sewerage and Sewage 
Disposal Scheme. Surveyor, 112, 403 
(June 13, 1953). 


This is a description of a newly installed 
system. The dry-weather flow, 300,000 
g.p.d. (Imp.), is treated by bar screens, 
grit removal, primary and secondary sedi- 
mentation, and trickling filters. Flows 
greater than twelve times dry-weather are 
screened only, and from three to twelve 
times dry-weather flow the treatment con- 
sists of bar screening, grit removal and 
primary settling. Sludge from the second- 
ary clarifiers and storm-water tanks is 
returned to the raw sewage. The com- 
bined sludge from the primary tanks is 
dried on sand beds without treatment. 


M. C. Ranp 


BOOKS, REPORTS, 
AND PAMPHLETS 


American Standard Specifications for Cast- 
Iron Pipe Centrifugally Cast in Sand- 
Lined Molds (A21.8-1953); AWWA 
C108-53). Amer. Water Works Assn. 
Price, $0.45 (1953). 


American Standard Specifications for A 
Mechanical Joint for Cast-Iron Pres- 
sure Pipe and Fittings (A21.11-1953; 
AWWA C111-53). Amer. Water Works 
Assn. Price, $0.35 (1953). 
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DIFFUSAIR installation at Kirkwood, 
Mo. Impingement nozzles and bowls 
are on headers at lower left side of 


DIFFUSAIR at Kirkwood, Mo. in 
operation showing effective “spiral 
flow” agitation and aeration of 
tank liquor. 


FOR The Impingement Aerator is a unit developed to 
accomplish more effectively and economically the dif- 
SEWAGE fusion of air as small bubbles to agitate and oxygenate 


aeration tank liquors. 


WASTE AND 


The principle involved is the combining of a low velocity 
jet of tank liquor and large air bubbles within an open 
WATER TREATMENT bowl-like impinger. The cavitation effect thus produced 
divides the air into smaller bubbles than those diffused 
from a No. 30 permeability porous tube. The amount and 
pressure of the impingement water is very low when 
compared with the progressive back pressuring of the 
blower that persists when other types of 

air diffusers are employed. 


PRE-AERATION... 
ACTIVATED SLUDGE... 


CARBONATION 


The impingement liquor is derived directly from the 
aeration tank mixed liquor, and is lifted with a simple 
air-lift unit from which 1/3 of the fine air is re-entrained 
and utilized for oxygenation. 

The air is released along headers through 3/16 inch 
orifices in the impinger units and no air clogging is possible. 
No filtering of the compressed air supply is required 

since there are no fine diffusion pores to become clogged. 


Write tor Bulletin 17$31 


PROGU/P | WALKER PROCESS EQUIPMENT INC. 


FACTORY + ENGINEERING OFFICES - LABORATORIES 
PROCESS EQUIPMENT AURORA, ILLINOIS. 
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Proceedings of Member Associations 


NEW YORK SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 


The 1953 Spring Meeting of the New 
York Sewage and Industrial Wastes 
Association was held at the Sheraton 
Hotel, Rochester, N. Y., June 8-9, 
1953. Registration of members and 
guests totaled 121. 


Trebler and H. G. Harding, National 
Dairy Research Laboratories, Oakdale. 

‘“‘Fringe and Rural Area Sanita- 
tion,’’ by Joseph A. Salvato, Jr., Chief, 
3ureau of General Sanitation, Erie 
County Health Department, Buffalo. 

‘*Problems at the Ballston Spa Sew- 
age Treatment Plant,’’ by William J. 
Ball, Superintendent. 


‘*Experiences at the Greece <Acti- 
vated Sludge Plant,’’ by Francis J. 
Craemer, Superintendent. 

**Direct Recireulation—An 
Complete Treatment,’’ by 
Morrison, Ginnity and 
Rochester. 


At the opening business session, the 
membership approved proposed rules 
for the new Charles Agar Memorial 
Award. 

Papers presented at the technical 
sessions included: 


Aid to 
Reginald 
Morrison, 


‘An Industrial Waste Study Pro- 
gram at Eastman Kodak,’’ by Harry 
W. Eustance, Civil Engineer, East- 
man Kodak Co., Rochester. 

**Dairy Waste Treatment,’’ by H. A. 


The second morning was devoted to 
an Operators’ Breakfast featuring the 
topic ‘Preventive Maintenance.’’ 


(Continued on page 478a) 


SNOW GATES 


for 
SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in 
either square or circular opening in sizes up 
to and including 72 inches. 


ALL SNOW GATES and Lifts are ‘‘Parker- 
ized” for protection against rust and corrosion. 


Over 40 years continuous service to the in- 


dustry. 


We will be pleased to quote on any type of 
water controlling equipment. 


SNOW IRRIGATION SUPPLY CO. 


2437 East 24th Street Los Angeles 54, Calif. 
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Lithographed on¥stone forlU. S.¥Pipe and Foundry Co. by John A. Noble, A. 


Wrauen THE GROUND is unstable 

or a definite grade has to be maintained 
cast iron pipe is frequently laid on piers or 
pile bents. Whether above ground or 
underground there are installations of cast 
iron pipe with continuous service records 


measured in generations. cast iron 
We are well equipped to furnish your v 

requirements for cast iron pipe and fittings 

made in accordance with American Standard, FOR WATER. GAS. SEWERAGE 

Federal and American Water Works 
Association specifications. U.S. pipe 
centrifugally cast in metal molds is available 
in sizes 2- to 24-inch and pit cast pipe 
in the larger sizes with bell-and-spigot, 
mechanical, flanged or other types of joints. 


United States Pipe and Foundry Co., 
General Office, 3300 First Ave., N., 
Birmingham 2, Ala. @ Plants and Sales 
Offices Throughout the U.S.A. 


477a 
: 
J 
: 


478a 


The meeting closed with an inspec- 
tion trip to the Irondequoit sewage 
treatment plant of the city of Roch- 
ester. 

R. C. SWEENEY, 
Secretary 


PENNSYLVANIA SEWAGE AND 
INDUSTRIAL WASTES 
ASSOC:ATION 


The 25th Annual Conference of the 
Pennsylvania Sewage and Industrial 
Wastes Association was held at State 
College, Pa., August 26-28, 1953. 
Some 269 persons registered for the 
conference. 

Papers presented included: 


‘*Sewage Works Symposium,’’ con- 
taining papers on ‘‘Standard Trick- 
ling Filters,’ by F. W. Jones, Part- 
ner, Havens and Emerson, Cleveland, 
Ohio; ‘‘High-Rate Filters,’’ by H. B. 
Gerber, Sanitary Engineer, Gannett, 
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Fleming, Corddry and Carpenter, 
Harrisburg; and ‘‘High-Rate Filters 
on Mixed Wastes,’’ by James A. Lion- 
tas, Waste Control Engineer, Sharp 
and Dohme, West Point, Pa. 

‘‘Early Operating Experiences at 
the Northeast Sewage Treatment 
Works,’’ by Ralph A. Hoot, Chief, 
Sewage Treatment Section, Phila- 
delphia. 

‘‘Submerged Sludge 
Northeast Sewage Treatment Works,’ 
by Samuel S. Baxter, Water Commis- 
sioner, Philadelphia. 

‘‘TIndustrial Wastes Control Prog- 
ress in Pennsylvania,’’ by F. B. Milli- 
gan, Division Engineer, Pennsylvania 
Department of Health. 

‘‘Internal Control of Industrial 
Stream Pollution,’’ by L. L. Hedge- 
peth, American Cyanamid Co. 

‘*Plating Room Wastes,’’ by Leslie 
E. Lancy, Electroplating Consultant, 
Elwood City. 


Heating at 


(Continued on page 480a) 


TRADE-WASTE EQUIPMENT 


HARDINGE WATER, SEWAGE, 


RECTANGULAR CLARIFIERS HYDRO-CLASSIFIERS 


Write for Bulletin AH-442-16 


HARDINGE 


COMPANY, INCORPORATED 


YORK, PENNSYLVANIA 
New York 


240 Arch St. 
Hibbing 


Main Office and Works 


Toronto + Chicago + Houston + Salt Lake City + San Francisco 
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THE LEADER IN SEWAGE SLUDGE DISPOSAL 


specified for Miami Project 


Two C-E Raymond Incinerators will be used at Miami’s 
new sewage treatment plant, located on Virginia Key, 
just across Biscayne Bay from Miami proper. Treatment 
plant design was by Metcalf and Eddy, a member of 
Miami Sewer Project Associates. Other members are 
Rader Knappen Tippetts Engineering Co. and 

Maurice H. Connell & Associates, Inc. 


In keeping with the thoroughly modern equipment to be used in 
this new plant, the filtered sludge will be processed in two C-E 
Raymond Flash Drying and Incineration Systems. The sludge will 
be dried from 75% to 8% moisture, and then incinerated to a 
sterile ash. High-temperature deodorization will eliminate odors 
from the stack gases. Each C-E Raymond Flash Dryer will 
process 41/2 tons of filter cake per hour, which is eguivalent 

to an evaporation rate per unit of 6,576 pounds. 

The system can be easily adapted to the production of fertilizer 
by the addition of dried sludge handling equipment. This 
flexibility is just one of the many reasons why the aggregate 
capacity of C-E Raymond Equipment installed, under construction 
or on order, is higher than all other heat methods combined. 

What has been right for so many other communities will 
be right for you, too. Let a C-E Raymond specialist 
demonstrate how efficiently and economically this leading 
system can end your sludge disposal problems. 

B-698A 


COMBUSTION ENGINEERING, Inc. 


RAYMOND DIVISION 


? 
1315 North Branch Street, Chicago 22, Illinois 
10 W. Sixth St., Los Angeles 14, Cal. * Eastern Office: 200 Madison Ave., N. Y. 16, N. Y. 
ALSO FLASH DRYING AND INCINERATION SYSTEMS FOR INDUSTRIAL WASTE DISPOSAL 
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“Process Engineering—An_ Ap- 
proach to Stream Pollution <Abate- 
ment,’’ by Austin N. Heller, Super- 
visor, Industrial Waste Development 
Section, Barrett Division, Allied 
Chemical and Dye Corp., New York 
City. 

‘*Paper Mill Wastes,’’ by H. T. 
Reuning, Wastes Engineer, New York 
and Pennsylvania Co., Johnsonburg, 
Pa. 

‘*Treatment of Wastes Containing 
Dichlorophenol,’’ by Frank M. Majew- 
ski, Rohm and Hass Co., Bristol. 

‘‘The Bethlehem, Pa., Sewage Treat- 
ment Project,’’ by Joseph R. Forsyth, 
Division Engineer, Morris Knowles, 
Ine., Pittsburgh. 

‘‘Operating Experience Sedi- 
mentation of Rolling Mill Wastes,’ 
by Grant A. Pettit, Industrial Wastes 
Control Engineer, Armco Steel Corp., 
Middletown, Ohio. 

**Silt,’’? by C. L. Sieber, Jr., Chief, 
Silt Control Section, Pennsylvania De- 
partment of Health. 

‘Oil,’ by J. F. Elkin and W. E. 
Soden, Sun Oil Co., Philadelphia. 

‘Sludge Disposal—Domestic—In- 
dustrial,’’ by a panel comprising R. D. 
Nickerson, Combustion Engineering, 
New York City; J. P. MeDonald, Su- 
perintendent, Sewage Treatment 
Works, Laneaster; T. F. Reed, Re- 
search Associate, U. 8S. Steel Corp., 
Pittsburgh; S. X. Bessen, Komline- 
Sanderson Engineering Corp., Peapack, 
N. J.; and R. R. Kountz, Professor of 
Sanitary Engineering, Pennsylvania 
State College. 

‘‘Sewage Treatment at Altoona,’’ by 
Lewis L. Gwin, City Engineer, A\l- 
toona. 


The meeting closed with an inspec- 
tion trip to the Altoona sewage treat- 
ment plants. 

Officers elected to serve during 
1953-4 were; 


President: T. R. Haseltine, Pittsburgh. 
1st Vice-President: G. J. Wiest, Jenkin- 
town. 


ond Vice-President: L. L. Gwin, Al- 
toona. 
Secretary-Treasurer: . Bush, 
Wilkes-Barre. 
BERNARD S. BusH, 
Necretary-Treasurer 


IOWA SEWAGE WORKS 
ASSOCIATION 


The 35th Annual Meeting of the 
Iowa Sewage Works Association was 
held at Iowa State College, Ames, 
Iowa, September 2-4, 1953. 

-apers presented included : 


‘‘Heat in Relation to Digester Oper- 
ation,’’ by Glen Wicklund, The Dorr 
Co. 

‘**Electrical Equipment in Sewage 
Treatment Plants,’’ by W. E. Keefe, 
General Electric Co. 

‘‘Rate Structures and Financing,’ 
by Charles Mullinex, H. R. Green En- 
gineering Co., Cedar Rapids. 

‘“Sewage Plant Management,’’ by 
HI. F. Seidel, Superintendent, Ames. 

‘*Health Practices for Sewage Plant 
Personnel,’’ by Dr. A. Gelperin. 

‘Summer and Winter Oils and 
Greases,’’ by R. B. Vlack, Standard 
Oil Co. 

‘*Legal Aspects of Public Relations 
in Sewage Plant Operation,’’ by Alan 
Loth, Attorney. 

Relations,’”? by W. H. 
Wisely, Executive Secretary, FSIWA. 

‘*Metallizing Repairs,’’ by D. D. 
Douglas and L. F. Skorezeski, Super 
intendents, Fort Dodge and Marshall- 
town, respectively. 


Officers elected to serve during 
1953-54 were: 


President: H. F. Seidel, Ames. 
Vice-President: L. Holteamp, Webster 
City. 
FSIWA Director: H. 8. Smith, Musca- 
tine. 
Secretary-Treasurer: L. F. Skorezeski, 
Marshalltown. 
L. F. SkorczeskI, 
Secretary-Treasurer 
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“VAREC” Fig. No. 70-1 

WASTE GAS BURNER 

“VAREC” Fig. No. 236 
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GAS PIPING SCHEMATIC 


New York * Boston * Pittsburgh * Chicage * Detroit * 
Tulsa * Casper, Wyo. * Prove, Utah * Les Angeles 


Utilizing sewage gas and safely disposing of 
excess gas is an automatic operation with “VAREC” 
Equipmert incorporated into your sewage plant 
design. With this equipment, accurate gas pres- 
sures are maintained in all service lines. As soon as 
the digesters make more gas than required for 
service, the pressure relief valve to the waste gas 
burner opens to permit safe burning of the excess. 


Flame flashback to valuable equipment is pre- 
vented with “VAREC” Flame Traps and Flame 
Checks. The flame arresting element of the Flame 
Trap is designed to eliminate flame propagation of 
even more inflammable gases than encountered in 
sewage service. This element is the same as that 
used in “VAREC” Flame Arresters listed by the 
UNDERWRITERS’ LABORATORIES for petro- 
leum product storage. 


Emergency explosion relief is accomplished with 
“VAREC” Explosion Relief Valves. These valves 
should be installed outside of any buildings. 


An enlarged engineering drawing of the above 
gas piping detail will be sent upon request. If you 
design sewage treatment plants, write today. 


THE VAPOR RECOVERY SYSTEMS CO. 


COMPTON, CALIFORNIA, U. S. A. 
Cable Address: VAREC COMPTON USA (All Codes) 


Availahl, 


from authorized Sewage Equipment 
agents threvghovt United Stetes end Cenede 


St. Levis * Housten 
* San Francisco * Seattle 
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Equipment and Supply Lines 


Process Controls—Catalog 8305 de- 
scribes and illustrates non-indicating 
electric, electronic, and pneumatic con- 
trollers for all types of process 
control.—Minneapolis-Honeywell Regu- 
lator Co., Wayne and Windrim Aves., 
Philadelphia 44, Pa. 

Portable Pump—<A small portable 
pump (5 g.p.m. at 30 p.s.i.) weighing 
only 27 1b. incorporates a special vacu- 
um switch to guard against ‘‘ burn out”’ 
when the liquid supply runs dry.— 
Hypro Enginering, Inc., 404 N. Wash- 
ington Ave., Minneapolis 1, Minn. 

Process Equipment—Book 2440 de- 
scribes equipment for sewage and in- 
dustrial waste.—Link-Belt Co., 307 N. 
Michigan Ave., Chicago 1, Ill. 

Tunnel Lining Pipe—Short, ellipiti- 
cal pipe sections permit new sections 
to be passed through the portion of 
underground sewer already tunneled 
and in place, thus lining the tunnel 
with precast sections as the heading is 
advanced.—Lamar Division, American- 
Marietta Co., 101 E. Ontario St., Chi- 
eago 11, Ill. 

Gate Valves—New 34-page bulletin 
gives recommended specifications with 
explanatory notes for iron body, bronze 
mounted, gate valves—Chapman Valve 
Manufacturing Co., 203 Hampshire St., 
Indian Orchard, Mass. 

Meters and Controls—Basie speci- 
fications, illustrations, and detailed lit- 
erature references on metering and 
control equipment are contained in 
Bulletin 18.—Bailey Meter Co., 1050 
Ivanhoe Road, Cleveland 10, Ohio. 

Variable-Drive Motors—New 16- 
page Bulletin No. 1797 details selection 
and application data and specifications 
of Varidrive electric motors—U. S. 
Electrical Motors Inec., Box 2058, Los 
Angeles 54, Calif. 

Masonry Paint—Oil-base  water- 
proof masonry paint known as Damp- 
Seal comes in seven colors and can be 


applied over any masonry surface by 
brush or spray.—Monroe Co., Ine., 
10703 Quebee Ave., Cleveland 6, Ohio. 

Grease Interceptor—The cleaning 
operation is greatly simplified in a new 
line of grease interceptors featuring 
automatic grease drawoff.—Dept. X51, 
Josam Manufacturing Co., Michigan 
City, Ind. 

Chemical Feed Unit—-A  self-con- 
tained assembly comprising a welded 
steel chemical solution tank (50- or 
100-gal. capacity) is mounted above a 
controlled capacity pump and com- 
pletely piped to make a_ packaged 
chemical feed unit ready for simple 
connections to existing piping and con- 
trol equipment.—Philadelphia Pump 
and Machinery Co., Wynnewood, Pa. 

Flotation Unit—New bro- 
chure describes and gives specifications 
for flotation unit utilizing air indue- 
tion principle of aeration.—!". 8. Gibbs, 
Ine., 2300 Washington St., Newton 
Lower Falls 62, Mass. 

Squeeze Controller—A new self- 
scouring sludge controller of the 
squeeze type is based on the Venturi 
principle with throat section of flex- 
ible rubber.—Simplex Valve and Meter 
Co., Philadelphia 42, Pa. 

Filter Fabric—A new type of 
chemically resistant, fiber-bonded filter 
fabric, known as Dynel Windsor felt, 
is described in a ‘‘ fact sheet.’’—Ameri- 
can Felt Co., Glenville, Conn. 

Motor-Generators—PBulletin 30-200 
describes motor-generators from °4- to 
1,500-kw. size in any combination of 
a-c and d-e.—The Electric Products 
Co., 1725 Clarkstone Rd., Cleveland 12, 
Ohio. 

Slow-Mix Equipment—Nev, 10-page 
Technical Supplement PF gives design 
details, performance and construction 
features, and operational data on slow- 
mix paddle flocculation equipment— 
American Well Works, Aurora, TIl. 


8-page 
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Nich Dryer-Incinerator 


or incinerate sewage sludge 
in one multiple hearth unit 


Nichols Herreshoff multiple hearth sewage sludge 
dryers-incinerators are designed for something extra in 
performance and adaptability . . . an extra that pays 
dividends. 
Cities that are finding it desirable to dry sludge for 
a soil conditioner when there is a demand, can 
incinerate the sludge to a sterile ash at other 
times—all in one Nichols Herreshoff Dryer- 
Incinerator unit. 


Please write for further information. 
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ST., NEW YORK 5, N. Y. 
ois St., Indianapolis 2, Ind. 
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SEWAGE AND INDUSTRIAL WASTES 


DIRECTORY OF ENGINEERS 


(Continued through page 489a) 


ALBRIGHT & FRIEL, INC. 
FRANCIS S. FRIEL ALVORD, BURDICK & HOWSON 
Consulting Engineers Engineers 
WAS 5 Charles B. Burdick Louls R. Howson 
AIRFIELDS, REFUSE INCINERATORS 
DUSTRIAL BUILDINGS Water Works, Water Purification, 
CITY PLANNING MALU ATIONS Flood Relief, Sewerage, Sewage 
REPORTS LABORATORY Disposal, Drainage, Appraisals, 
Suite 1509-18 Power Generation 
121 S. Broad St. PHILADELPHIA 7 Civic Opera Bullding Chicago 


JOHN J. BAFFA MICHAEL BAKER, JR, Inc. 
The Baker Engineers 
Consulting Engineer Civil Engineers, Planners, and Surveyors 


Sewerage & Sewage Treatment ww unicrpal Engineere— Airport Design—Sewage Disposal 
Industrial Wastes Treatment Systems— W ater Works Design and Operation—Surveys 
Design Plans & Specifications and —Construe- 
Investigations & Rate Studies on Surveys ipe Line Surveys 


75 West Street New York 6, N. Y. Branch Offices: Jackson, Miss. ‘i. Pa. 


BAXTER AND WOODMAN W. H. & L.D. BETZ 
Civil and Sanitary Engineers Consulting Engineers 
Water Supplies Water Treatment Industrial Waste 
Sewer Systems Sewage Treatment Industrial Water 


Industrial Waste Treatment Analysis Design 
Investigations Investigations Operation 


P. 0. Box 67 Crystal Lake, Illinois Gillingham & Worth Sts. Philadelphia 24, Pa. 


BLACK & VEATCH 


Consulting Engineers 
SEWAGE - WATER - ELECTRICITY - INDUSTRY 


Reports, Design, Supervision of Construction 
Investigations, Valuation and Rates 


4706 Broadway Kansas City 2, Missouri 


CLINTON L. BOGERT ASSOCIATES CONSULTING ENGINEERS! 


Consulting Engineers — 
Cuinton L. BOGERT Ivan L. BOGERT If a specialize in sewage and indus- 
; MM. Gasto Rosser A. LINCOLN trial waste disposal problems, prospec- 
DonaLp M. DiTMars ARTHUR P. ACKERMAN tive clients will expect to find your card 
Water and Sewage Werks in - Directory of Engineers contained 

Refuse Disposal Industrial Wastes inthe... 
Drainage Flood Control Official Professional Journal of the 
624 Madison Ave., New York 22, N. ¥. Sewage and Industrial Wastes Field! 


Take advantage of the services of these outstanding consultants! 
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BOWE, ALBERTSON & ASSOCIATES BROWN AND BLAUVELT 
Engineers Consulting Engineers 
Sewerage—Sewage Treatment Water Sapply Airports 
110 William Street New York 7, N. Y. 468 Fourth Avenue New York 16, N. ¥. 


BUCK, SEIFERT AND JOST BURGESS & NIPLE 
Consulting Engineers Civil and Sanitary Engineers 
(FORMERLY NICHOLAS S. HILL ASSOCIATES) Established 1908 
Speciali d Sew or Wat ly, treat t and distributi 
an Water Purification an industrial 


Valuations and Ri Investigations, reports, appraisals, rates 


Chemica! and Biologi <i Airports Municipal Engineering Supervision 
112 East 19th Street New York 3, N. ¥. 584 E. Broad Street Columbus 15, Ohio 


BURNS & McDONNELL ONLY $60 PER YEAR 


Consulting and Designing Engineers is the cost of a professional listing 


in this space. A card here will iden- 
tify your firm with the specialized 
sewage works field and will afford 


Kansas City 2, Mo. Geveland 14, Ohio maximum prestige! 


P.O. Box 7088 1404 E. %hb St. 


CAMP, DRESSER and McKEE CAPITOL ENGINEERING CORPORATION 


Consulting Engineers 


SEWAGE SYSTEMS WATER WORKS 
—— and ee Wastes Designs and Surveys Roads and Streets 
nyestigations an eports Planning 
Design and Supervision Airports 
Research and Development Bridges Dams 
Flood Control Executive Offices 
6 Beacon St. Boston 8, Mass. DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS CHAS. W. COLE & SON 


Engineers ~ Architects 
Water Supply and Purification 8 


Sewage and ndusteiel Waste Treatment Municipal Industrial 

ower Plants—Incineration—Gas Systems Commer 

Valuations—Rates—-Management cial 
Laboratory-City Planning 220 W. LaSalle St., South Bend, Ind. 


210 E. Park Way, Pittsburgh 12, Penna. Phone 4-0127 


CONSOER, TOWNSEND & ASSOCIATES Your firm should be 
listed here 


Water Supply —Sewerage—Flood Con- 

trol & Drainage—Bridges—Ornamen- s . the most complete Directory 
tal Street Lighting—Paving—Light available of consultants specializ- 
and Power Plants. Appraisals. ing in sewage and industrial wastes 
351 East Ohio St. Chicago 11, I. treatment. 


It pays to secure competent and experienced engineering advice! 
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Damon & Foster 
Consulting Civil Engineers and 
Surveyors 


Sewerage, Sewage Disposal, Water Supply, 
Surveys, d Subdivision, City and Town 
Planning, Reports, Design, Supervision 


Sharon Hill, Pennsylvania 


FREDERICK H. DECHANT 
BNGINERR 
Chairman of the Board, Frederic R. Harris Inc. 


Water Works, Industrial Wastes, 
Sewerage, Recovery Processes, 
Hydraulic Works, Gas Plante 

Philadeiphia: Fidelity Phila. Trust Bidg. 
New York: 27 William St. 


DE LEUW, CATHER & COMPANY 
Water Sapply 
Railroads 


Sewerage 

Highways 

Grade Separation—Bridges—Subways 
Local Transportation 


Investigations — Reports — Appraisals 
Plans and Supervision of Construction 


150 North Wacker Drive Chicago 6 
505 Colorado Bidg. Washington 5 


DODGE, BLISS and WALKER 
Chemical Engineers 
Specialists in Waste Treatment 
Surveys and Investigations 
Research and Development 
Design of Treatment Plants 


108 Middle Road Hamden, Connecticut 


CATHODIC PROTECTION 


Engineering—Surveys—Design— 
Installations 


Electro Rust-Proofing Corp. (N.J.) 


Belleville 9, New Jersey 


CONSULTING ENGINEERS! 


If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the... 


Official Professional Journal of the 
Sewage and Industrial Wastes Field! 


FAY, SPOFFORD & THORNDIKE 
ENGINEERS 
M. SporrorD W. 
JOHN AYER L. HYLaND 
Bion A. BOWMAN Frank L. LINCOLN 
CAaBROLL A. FaRWELL Howargp J. WILLIAMS 
Water Supply and Distribution—Drainage 
Sewerage and Sewage Treatment—Alirports 


Investigations and Reports Design 
Supervision of Construction Valuations 


Boston New York 


FINKBEINER, PETTIS & STROUT 


Harovp K. Strout 


Consulting Engineers 
Reports, Designs, Supervision, 
Water Supply, Water Treatment, Sewerage, 
Sewage Treatment, Wastes Treatment, 
Valuations & Appraisals 


518 Jefferson Avenue Toledo 4, Ohio 


FREESE, NICHOLS AND TURNER 
Consulting Engineers 


2111 National Standard Building 
Houston 2, Texas 


CH-1624 


FROMHERZ ENGINEERS 
Structural - Civil - Sanitary 
Four Generations Since 1867 
Water Supply; Sewerage; Structures; 
Drainage; Foundations 
Investigations; Reports; Plans and 
Specifications; Supervision 


823 1/2 Poydras St. New Orleans, La. 


EDWARD A. FULTON 


Consulting Engineers 


Investigations, Reports, Valuations, De- 
sign and Construction—Water Supply and 
Purification Plants; Sewerage and Sew- 
age Treatment Works; Municipal Pavin 
and Power Developments; ame an 
Flood Control 


3209 Erown Road Saint Louis 14, Missouri 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
Dams, Water Works, Sewage, Industrial Wastes & Gar- 
bage Disposal, Highways, Bridges & Airports, Traffic & 
Parking—Appraisals, Investigations & Reports. 

HARRISBURG, PENNA. 
Branch Offices: Pittsburgh, Pa. 
phia, Pa. Daytona Beach, Fla. 
ville, N. J. 


Philadel- 
Pleasant- 
Chesapeake, W. Va. 


Take advantage of the services 


of these outstanding consultants! 
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GILBERT ASSOCIATES, INC. 
Engineers and Consultants 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


New York Washington 
Houston BEADING, PA.  pitiadeiphia 


GLACE AND GLACE 
Consulting Sanitary Engineers 


Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes Disposal 


Design, Construction and Supervision 
f tio: 


pera 
1001 N. Front Street Harrisburg, Pa. 


GREELEY & HANSEN 
Engineers 
Samue A. Greeley Paul Hansen (1920-1944) 
Kenneth V. Hill 


Paul E. don 
Thomas M. Niles Samuel M. Clarke 


Water Supply, Water Purification 
Sewerage, Sewage Treatment 
Flood Control, Drainage, Refuse Disposal 


220 S. State Street, Chicago 4 


JOHN J. HARTE CO. 
Engineers — Architects 


284 Techwood Drive, N. W. 
Atlanta, Georgia 


HASKINS, RIDDLE & SHARP 
Consulting Engineers 
Water Sewage 
Industrial Wastes 
Refuse Hydraulics 
1009 Baltimore Ave. 


Kansas City 5, Mo. 


HAVENS AND EMERSON 


W. L. Havens C. A. Emerson 
A. A. parece F. C. Tolles F. W. Jones 
W.L. Leach H.H. Moseley J. W. Avery 


Water, Seweracs, INDUSTRIAL 
Wastes, VaLUaTIONS— LABORATORIES 


Leader Bldg. Woolworth Bidg. 
Cleveland 14, O. New York 7, N. Y. 


HAZEN AND SAWYER 
ENGINEERS 

Ricearp Hazen Avrrep W Sawren 

Municipal and Industrial Water Supply 

Purification and Distribution 
Sewage Works and Waste Disposal 

Investigations, Design, 
Supervision of Construction and Operation 
110 Bast 42nd Street New York 17, N. Y. 


HENNINGSON, DuRHAM 
& RICHARDSON, INC. 


Consulting Engineers since 1917 for more than 
600 cities and towns 


Water Works, Light and Power, Sewers, 
Treatment, Reports, Flood Control, Appraisals, 
Drai 


Standard Ot] Bidg. Omaha 2, Nebraska 


HORNER & SHIFRIN 
Consulting Engineers 

W. W. EB. B. Bross 

H. SHIFRIN Vv. C. 
Airports — Hydraulic Engineering — 
Sewerage and Sewage Treatment — 
Water Supply — Municipal Bngineering 

— Reports 
Shell Building, St. Louls 8, Missouri 


ROBERT M. JOHNSTON 
AND ASSOCIATES 
Consulting Chemists — Bacteriologists 
Analysee— Water, Sewage, Industrial Waste 
Research Litigations 
915-917 N. Second St. Harrisburg, Pa. 


JONES, HENRY & WILLIAMS 


(Formerly Jones, Henry & Schoonmaker) 
Consulting Sanitary Engineers 
Water Works 


Sewerage & Treatment 
Waste Disposal 


Security Bldg. Toledo 4, Ohio 


KEIS & HOLROYD 
Consulting Engineers 
Formerly Solomon & Keis 
Since 1906 
Water Supply and Purification, and 
Sewage Treatment, Garbage and use 
i and Incineration, Industrial 

Buildings. 


TROY, N. Y. FT. LAUDERDALE, FLA. 


It pays to secure competent and experienced engineering advice! 
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ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 
offers 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design, 
Supervision of Construction and 
Operation 
Sewerage, Sewage Treatment and 
Industrial Waste Disposal 
Chemical and Biological Laboratory 
604 MISSION ST., SAN FRANCISCO 5 


MORRIS KNOWLES Inc. 
Engineers 


Water Supply and Purification, Sewer- 
age and Sewage Disposal, Valuations, 
Laboratory, City Planning. 


1312 Park Bldg. Pittsburgh 22, Pa. 


Wm. S. Lozier Co. 


lei 


Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 


10 Gibbs Street Rochester 4, N. Y. 


GEORGE B. MEBUS 
Consulting Engineer 
Water Supply Sewage Treatment 
Industrial Waste Treatment 


NORTHWESTERN NATIONAL BANK BUILDING 
GLENSIDE, PA. 


METCALF & EDDY 
Engineers 
Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 


Laboratory Valuations 
Airfields 


Statler Building 
Boston 16 


Nussbaumer, Clarke & Velzy, Inc. 
Consulting Engineers 
SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION—DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 
327 Franklin St., Buffalo, N. Y. 

500 Fifth Ave., New York 36, N. Y. 


PARSONS, BRINCKERHOFF 
HALL &@ MACDONALD 
G. Gale Dixon, Associate 
Civil and Sanitary Engineers 


Water, Sewage, Drainage and 
Industrial Waste Problems. 


Structures — Power — _ Transportation 


51 Broadway New York 6, N.Y. 


BOYD E. PHELPS, INC. 


Architects and Engineers 


Water Supply and Purification 
Sewerage and Sewage Treatment 
Power Plants, Buildings, Investigations, 
Reports, Appraisals, Rate Studies 


Indianapolis and Michigan City, Indiana 


PIATT AND DAVIS 
WM. M. PIATT P. D. DAVIS 
Cc. lei: Designing, and Supervising Engineers 


Water Works, Sanitary Sewers, Water Purification 
Sewage Treatment, Public Buildings, Streets 
Power Plants, Electrical Distribution 
Reporte and Appraisals 


One Eleven Corcoran St. Bidg. Durham, N. C. 


MALCOLM PIRNIE ENGINEERS 
Civil and Sanitary Engineers 
Malcolm Pirnie Ernest W. Whitlock 
Robert D. Mitchell Carl A. Arenander 
Malcoim Pirnie, Jr 
Investigations, Reports, Plans 
Supervision of Construction 
and Operations 
Appraisals and Rates 
25 West 43rd Street New York 36, N. Y. 


LEE T. PURCELL 
Consulting Engineer 
Wate: Supply & Purification; Sewerage & Sew- 
age Disposa); Industrial Wastes; Investigations 
4 Reports; Design; Supervision of 
nstruction & Operation 


Analytical Laboratories 
36 De Grasse St. Paterson 1, N. J. 


THOMAS M. RIDDICK 
Consulting Engineers and Chemists 
Municipal and Industrial Water Purification, 
Sewage Treatment Plant Supervision, 
Industrial Waste Treatment, 
Laboratories for Chemical and Bacteriological 

yses 


369 B. 149th Se. New York 55, N.Y. 


Take advantage of the services of these outstanding consultants! 


488a 
= 
4 
: 
5 

a 
4 

; 
i 
4 iz 


SEWAGE AND INDUSTRIAL WASTES 


RIPPLE AND HOWE 
Consulting Engineers 


Design—Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs and Dams, Sanitary and 
Storm Treatment Plants, 


use Disposal, 
833-35 Twenty-Third St. Denver 5, Colorado 


RUSSELL AND AXON 
Consulting Engineers 
Civil — Sanitary — Structural 
Industrial — Electrical 
Rate Investigations 


408 Olive St., Municipal Airport 
St. Louis 2. Mo. Daytona Beach, Fi 


SMITH and GILLESPIE 
Consulting Engineers 
All types of 
Municipal Public Works & 
Utilities 
Complete Services 
P. O. Box 1048, Jacksonville, Fla. 


STANLEY ENGINEERING COMPANY 


Sewerage— Waterworks 
Lrainage—Flood Control 
Electric Power—Airports 


Hershey Building 
Muscatine, Ia. 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 


Water Supply —Sewerage— Waste Disposal 
Bridges—Highways—Industria! Buildings 
Studies—Surveys— Reports 


209 8. High St. Columbus 15, Ohio 


WARNER ENGINEERING CO. 
Engineers 
Consultation— Design— Detailing 
Structural—Mechanical—Hydraulic 
Industrial Piping and Sewerage Systems 
Industrial Waste and Sanitary Problems 


411 Broadway Building Lorain, Ohio 


J. STEPHEN 
J. S. Warkins R. Watkins 
CONSULTING 


Municipal and Industrial Engineering, Water 
Supply and Purification, Sewerage and Sewage 
Treatment, Highways and Structures, Reporte, 
Investigations and Rate Structures. 


251 East High Street Lexington, Kentucky 
ranc ice 
901 Hoffman Bullding Louisville, Kentucky 


WERTZ ENGINEERING CO., Inc. 
CONSULTANTS, DESIGNERS & 
NSTRUCTORS 
Water Supply & Purification 


Sewage & Industrial Waste Treatment 
Stream Pollution Studies 


Chemical & Bact. Laboratory Service 
441 North 2nd 8t. Reading, Pa. 


WESTCOTT & MAPES, Inc. 
Engineers 
VALUATIONS—STUDIES—REPORTS 
DESIGN—SUPERVISION 
Industrial Waste Problems 
Utilities—Industrial Plants 
Commercial Buildings—Institutions 
ublic Works 


New Haven, Connecticut 


WESTON & SAMPSON 


Consulting Engineers 


Studies 
upervision, uation 
Laboratory 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 
Sewage Municipal and In- 
dustrial De bl Water Supply, 
Water Purification, Water Front qe 


Investigations, Reports, Designs, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 


Civil—Sanitary—Structural 
Mechanical—Electrical 


Reports, Plans Supervision, Appraisals 
1304 St. Paul Street Baltimore 2, Maryland 


It pays to secure competent and experienced engineering advice! 


O. J. B. V. Hows 
Appraisals—Reports 
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Combustion Inconporated (Flash Dryer Division) 
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Albright & Fac. Harte. John 1, 


Damon & Foster Engineers 
: & Howe 
Dodge, Bliss & W ussell & Axon 
Kast Prong Cop. (N. J.) Gilleaple 
Spoftord & Stanley Engin 
Finkbelnes, Pettis Strout 
Freese, Nichols & ‘Turner Aiden 
romherz Vatk ins. inc. 
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Ganeett Fleming Corddry & Carpenter, Inc, estcott and Mapes, Inc. * 

Gilbert Associates, Weston 
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PATRONIZE OUR ADVERTISERS—whose support makes possible the pub- . 


lication of this journal. When writing advertisers be sure to mention SEWAGE 
AND INDUSTRIAL WASTES. 


LANCASTER PRESS, INC., LANCASTER, PA. 


2 
Baxter & Woodman & Richardson, Inc. - 
Betz, W. H. &i..D. Horner & Shifrin 
Black & Veatch mston, Robert M., & Associates 
: Bogert, Clinton Associates es, Henry & Williams 
Bowe, Albertson & Associates & Holroyd 
Brown & Blauvelt Kennedy, Clyde C. 
Buck, Seifert, & Jost Inc. 
Burgess & Niple Losier, Wm. S., Company ae 
Burns & McBonnel B. ! 
Capitol Engineering Corp, Nussbaumer, Clarke & Velay, Inc. 
Chester Engineers, ‘The Parsons, Brinckerhoff, Hall & Macdonald 
fh) Cole, Chas. W., & Sen Phelps, Boyd E., Inc. her 
ig 


NO FISHING: | WHAT'S YOUR PLANT. 
DOING: ABOUT 


Stream Pollution? 


There’s plenty that can be dome to improve streams, | 


Sonvetimes it takes new or additional treatment works 
. but many, many cases cae be solued ov greatly.’ 
improved with adequate effluent chlorination.) 


WA&T offers the engineer and progressive sewage 
plant operator the tools to economically and effectively 


These tools consist of a full line of chlorinators, Ghemital 


experience—and a field service staff to handle promptly 
all installation and equipment maintenance problems, 


=types of rate and program control, axe 
in many other plant problems, too—such as fj 
grease removal, filter ponding prevention and septicity a) 
reduction, to mention just a few. 


Why not start your community on the road to clean 
streams? Your W&T Representative will be glad to help, 
without obligation, of coutse. 


WALLACE & TIERNAN 


COMPANY INC. 


oon 25 MAIN ST. BELLEVILLE 9. N. J. 


restore recreational areas and multiply usable water sources, 


aid in the nation’s pollution abatement } program. — 


feeding equipment and controls—over forty years.of 
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